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UNDP as the Implementing Agency for Jordan: Reduction of Methane 
r-ission and Utilization of Municipal Waste for Energy in Amman Project, has 

mitted the attached proposed project document for CEO endorsement 
or to final approval sf the project document in accordance with UNDP 

procedures. 

Over the next four weeks, the Secretariat will be reviewing the project 
document to ascertain that it is consistent with the proposal included in the 
work program approved by the Council in April 1996, and with GEF policies 
and procedures. The Secretariat will also ascertain whether the proposed 
level of GEF financing is appropriate in light of the project's objectives. . 

If by July 11, 1997, I have not received requests from at least four 
Council Members to have the proposed project reviewed at a Council 
meeting because in the Member's view the project is not consistent with the 
Instrument or GEF policies and procedures, I will complete the Secretariat's 
assessment with a view to endorsing the proposed project document. 

~ o h a m d  T. El-Ashry 
Chief Executive Officer and 
Chairman 

cc: Alternates, Implementing Agencies, STAP 
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United Nations Development Programme 
GLOBAL ENVIRONMENT FACILITY (GEF) 

To : Dr. Mohamed El-Ashry 
CEO and Chairman 
GEF Secretariat 

Copy: Dr. Dilip Ahuja 
Climate Change Specialist 
GEF Secretariat t 

Date: 6 May 1997 

From: Rafael Asenjo 
Executive Coordinator 

Subject: Jordan: and Utilization 

F 
Enclosed herewith is a copy of the UNDPIGEF project document for Jordan: "Reduction of 

Methane Emissions and Utilization of Municipal Wastes for Energy in Amman" (JORl96lG31). 

You will recall that this project was cleared by the GEFOP of 14 December 1994, but held in 
abeyance by the CEO until the completion of the Operational Strategy and thus submitted to and 
approved by the Executive Council in May 1996. 

I am, therefore, forwarding the project document in accordance with document GEFlC.417 
(Project Cycle) requesting the GEF and Council Members' clearance prior to final approval by the 
hplementing Agency. 

Please do not hesitate to contact me should you require any clarification on the project 
document. 

Many thanks in advance. 

Street Address: 304 East 45th Street, 10th Floor, New York, N.Y. 1001; 
Tel: (212) 906-5044, Fax: (212) 906-6998 





PROJECT OF THE GOI'ERNMENT OF JORDAN 
GLOBAL ENVIRONMENT FACILITY 

PROJECT DOCUMENT 

t Number & Title: JOR/96/G31/A/lG/99 - JorC,.:: Reduction of Methane Emissions and 
Utilization of Municipal Waste for Energy in Amman. 

Duration: Three (3) years 
Project site: Amman, JORDAN 
ACCIUNPD sector: 035 Energy 
Govt. sector: Renewable Energy, 
Government implementing agencies: 

Ministry of Planning, 
Municipality of 
Amman 
Jordan Electricity Authority 

Executing Agency: Government of Jordan through the Ministry 'of Planning 
Estimated starting date: September 1997 
Government input: USD 1,319,000 
GEF input: USD 2;500,000 
UNDP~~ANIDA) input: USD 1,5do,000 ... 

UNDP financing 

UNDPIGEF USD 2,500,000 

DANIDA cofinancing USD 1,500,000 

GEF PRIF preparatory funds USD 240,000 

F Brief description: The goal of the project is to reduce emissions of greenhouse gases in Jordan by 
substituting fossil fuels with bioenergy (methane gas and electricity), produced from anaerobic diges- 
tion of industrial and municipal waste in Amman. Additional greenhouse gas reduction will be 
achieved by reducing the uncontrolled release of methane from improperly disposed organic waste in 
a large landfill. The project's main activities include a combination of a landfill operation and a biogas 
plant. The required institutional, management, and social structures to sustain the project will be 
developed through technological exchanges and training programs. Inputs include 72 person months 
from UNDPIGEF and 246 person months from the Government, as well as equipment and trainin!. 
A prime activity of the upgraded institutions will be the capability to generate replicable projects in 
Jordan and other countries in the Middle East to demonstrate the environmental and energy related 
bellefits from using municipal and industrial organic waste in energy production. The proposed plant 
will be able to produce 1 MW of electricity based on methane from the landfill and the biogas plant. 
The project combines methane emission reduction and thus GHG reduction, with production of 
electricity, thus helping to reduce Jordan's dependency on oil. 
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A. CONTEXT 

DESCRIPTION OF SUBSEC'I 

. .., ~overnment or Joraan nas preparea ana enuorsea a National cnv~ronmenta~ DrraKgy in which 
the energy sector figures prominently. The cxpected annual growth rate in energy demi % , 

and the Government is seeking to meet part of the demand by means of the renewawe energy 
sector. The Government has created a separate department in the Ministry of Energy a ral 

Resources (Renewable Energy Department) to promote the use of alternative energy a gY 

conservation. The private .sector is encouraged 1 development and 

implementation of these alternative technologies. 

to parti cipate i 

Municipi ,le for n . . .  

to the c ity. 

in the 

~d Mine~ 

md ener 

imman 1 ality (GAM) is responsit ~unicipal affairs in Amman and its 

SUbUrbS. Amman has a population of over one million ma, wltn its nearby suburbs, the populatio~; 
is around 1.6 million representing more than one third of the population of Jordan of 4.4 million 
in 1996. The city and its population are growing rapidlv at a rate of alrrnet annuallv, which is 

caused by a high birth rate of 3.0 - 3.5 % and migration 

Zarqa, including its suburbs to the north-east of Amman, has a population of half a million and is 

the second largest city in the country. It is also growing rapidly due to urbanization and high 
population growth. The municipalities of Amman and Zarqa share the same landfill for dumping 
of solid municipal waste (MSW). This is a.1 old phosphate mine in the Ruseifeh area between the 
two cities. The Public Cleansing Department in the Greater Amman Municipality is responsible 
for collecting waste from the city of Amman and dumping it into this landfill. The annual 
collection amounts to 0.6 million tones of MSW (16-- s daily). By the -000 waste 
collection in the two urban areas would exceed 2300 laily, rendering tble MSW 
--1 I--* ing system by world starA--"- 

t)O tone 
I tones c 

: year 2 

it a siza 

rrlogas from landfills nas ueen used for several aecades in most indusrr~aizea countries. Using 

biogas from biogas plants is also an efficient technology, a well demonstrated and cod-effective 
method of disposing of organic waste and of producing electricity, fuels and fertilizers without 
releasing greenhouse gases (GHG) into the atmosphere. Using biogas technology, large quantities 
of organic waste can be almost totally converted into energy (for electricity production, heating, or 
truck : fuel) and organic fertilize md auto: mobile r nethane 



This project will facilitate the construction of a combined landfill operation and a biogas plant in 
Amman and create the educational, management and social structure for replicable projects in 

Jordan and other Middle East countries. The project seeks to demonstrate, first within the 

Jordanian context, the environmental and energy-producing benefits from using municipal and 
industrial organic waste. A combined landfill operation and biogas plant does not exist in any other 
developing country. The biogas plant will have a capacity for treatment of about 60 tones of 
ormic waste per day, or about 3 percent of the daily waste generacd in the capital city. The 

:s methane emission reduction with new ways of producing electricity and fertilizer 

; farms, thus helping to reduce Jordan's dependency on oil imports. The electricity 
generating potential of the portion of Jordan's organic waste which was evaluated in a study 
funded by the GEF's Pre-Investment Facility ("PRIF") is equivalent to approximately 28 MW. 
(See also the PRIF Study: "Environment and use of methane from municipal waste, UNDP 
1993"). 
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~ticipated that tl xt will be the a series of sim jects constructed 
throughout Jordan and the Middle East. By demonstrat~ng that it is not only tecnnically feasible but 
economically viable, within the Middle East context to use urban organic waste for biogas 
production, and by simultaneously cultivating. the indigenous interest and ca~acity for creation of 
such a facility, this project can lead to xruction of addit educed cost with 

.n 
resulting energy and environmental bene 

:ional pli mts at rc 

The pot his techn lered ext r replica lology in Jordan remel y advantageous. In 
the case of the initial installation of the first biogas plant, the training and familiarization associated 
with its establishment, means that there are a number of barriers associated with this project, 
which brings the overall price to 5.6 per kWh for the initial power production from the biogas 
plant. However, it is calculated that future installations will be considerably cheaper, both as far as 
installation and labor is concerned and that future plants will be able to produce power at rates 
competitive with the conventional carbon-based power production. Moreover, the present 
electricity price of $4.7 c per kWh is likely to increase, as established LRMC curves indicate a 
steady r 

Once constructed, the combined biogas plant is designed to be economically viable and further, to 

generate a profit by producing elecmcity and fertilizer with commercial value. Income from the 
sale of these products will be used to cover all operating costs of the plant and to promote further 
biogas plants, as well as training in and dissemination of hiegas techr.clogy in Jordan. 

n 



h 
Jordan's national power ut~l~ty, U1b a d a n  Electrlclty Authority (JEA,, .,,, Jlreaay agreed to 

finance the connection of the biogas plant to the public grid and to pay market rates for the biogas 
generated electricity. 

The annual prorit or approx. USD 175,000 esurriaicu gc~~crarco I I U I I I  the plan e used to 

build other equally profitable biogas plants over the expwted lil plant of 

20 years. 

truction ( 

f the pilc 

~t will b 

The PRIF Study showed that sufficient quantities and qualities of readily available organic waste 
- 

exist in Jordan for const ially viable plant! 11 financi 

% annua 

The amount of methane presently e m ~ d  from the MSW of the GAM is a w u l  22,000 LUIIGB ~r 
year, as only half of the waste is digested anaerobically in an open landfill. In 1995, this was 
equivalent to COz equivalent of almost 112 million tone of C@ per year which would continue to 

dly. This will be by the proposed project. reduced 

The project investment from GEF and DANIDA will be USD 4 million; this includes a capacity 
building and training component of USD 0.8 million. The capacity building program l ~ i l l  ensure 

F the basi jlicable projects i in additic In to providing a .ctual tra ining of is for ref key pers 

After this project has performed the necessary barrier removal, the invesunenr required for a full 
fledged program for utilizing all the waste for gas production (during an investment phase) will be 

approximately USD 10 million. This investment would lead to an annual reduction of CO? 
equivalent gases of 0.5 million tones. The cost of curbing one tone af C@ equivalent source is 

thus USD 20. Over an expected lifetime of 20 years, the disc~unted cost of curbing one tone 
emitted from a COz equivalent source could be as low as USD 1 per tone, which is a very high 
rate of return on such an investment. In spite of the anticipated financial viability of such a plant, it 

is clear that multinational, regional and national banks are not likely to grant loans for I 

enterprise until its feasibility is fully demonstrated in the Middle East. The present projec t 

Instrate this viab ility. 

such ar 
t sets ou 

The educational level is high in Jordan compared with Middle East standards and Jordanian 

experience spans most economic and technical branches. Waste collection, for instance, is highly 
organized and the operation of dumping sites is carried out on a professional basis. Because of the 
human resources and organization level, Jordan is an excellent choice for implementation of biogas 

/4 



and landfill gas technology within the region. During the PRIF Study, the patterns necessary for 
implementation and development of biogas and landfill gas technology in Amman have been ? 
identified and a training program for technology transfer has been defined 

In addition to the Municipality of Amman, the Jorclpn Electricity Authority will play an active role 
in the project, while the Ministry of Energy and Mineral Resources and Jordan Environment 
Society and the Queen Alia Fund will be responsible for dissemination of the results collected 
during the project and public awareness and outreach. 

In 1995 the Government of Jordan enacted a new environmental law which regulates 
environmental activities in the country. Jordan further established a General Corporation for the 
Environment (GCEP). This Corporation has gradually commenced to assume its responsibilities 
under the Environment L 

I ne university or Jordan IS most SUltable tor sclentltlc back-up ana support or tne project. By 
securing proper training and transfer of technology in connection with the project, the project 
biogas plant will act as a center for promotine this technology in Jordan and the Middle East. This 
will be f by Jordan's actic ith its neighborin ration. wi g countr ies. urther el 

While biogas production on a large scale is innovative within the Middle East, well-running large ,!-! 

to medium-sized industrial projects have been constructed and are operating well in Jordan. 
Construction and operation of a large-scale biogas plant will not present major obstacles in view of 
the high standard of education and management in the country. Furthermore, the technology has 
been successfully demonstrated over the past decade in northern F ~- - -  particularly in 

Denmark's biogas plants, which treat municipal and industrial organic was1 

The present combined landfill-biogas reactor technology option is selected on the basis of the 
Feasibility Study which was carried out with PRIF funding. It should be recalled that Jordan has 
extremely scarce water resources, and landfills are therefore generally considered undesirable as 
they tend to cause leaching, infiltration and pollution of the scarce groundwater resources. A 
"landfill-alonen option is therefore not considered a viable demonstration technology in the Middle 
Eastern context, where conservation of scarce water resources continues to be of the highest 
national priority. To the contrary, it is a major environmental priority to ensure a reduction of 
leaching into the groundwater through limiting landfill growth and expansion. By introducing the . 

biogas reactor technology in the Middle East, organic waste will be directed to the biogas reactor 
and will therefore not be destined for the landfill. Moreover, in muntries afflicted by soil erosion. 

,r-? 



. . land degradation and marginal farming, the by-product (fertilizer) is likely to become an extremely 

useful product, once introduced to the market. Finally, while the "landfill alone" option would 
r'- 

essentially only be a viable option for a finite period of years until all methane has been extracted 

from the landfill, the biogas reactor offers a more longer-term and sustainable solution. Based on 
-efore, the combined landfill and biogas reactor solution was chos the ah 

2. HOST COUNTRY STRATEGY 

Jordan is not only being confronted by a shortage in indigenous energy resources, but is also likely 
to face a more severe shortage in the most basic of natural resources, namely water. 
At the national level, there has therefore been a growing recognition that economic development, 

and the health and the welfare of the population is closely linked to the proper management of 
natural resources, especially water. This is reflected in two major initiatives, that could change the 

character of environment management in Jordan, namely the National Environment Strategy and 

the development of the comprehensive environmental law. The National Environment Strategy 
was officially approved and published in 1991. The Strategy provides important information and 

makes key recommendations to address vital environmental p in Jorc ater 
shortages, desertification, ground water pollution and others. 

roblems 

ssing the ;e of ind great de 

lan such 

: shortag igenous energy resources has rec: al of emphasis by 
the Government of Jordan. Foremost attention has been given to the development of local energy 
sources utilizing indigenous resources. This has become one of the central pillars of the 

Government's energy plan and development strategy. The Jordan Electric Authority (JEA) is 
aiming at the utilization of renewable energy resources for the meeting the growing demand for 

power in Jordan. The utilization of Municipal Solid Waste (MSW) in energy supply and/or in 

power production, will therefore serve development strategies of both central ( lent, local 
Government (Greater Amman Municipality) and the JEA. 

the Go1 In response to vernment's development strategy, the proposed project has two purposes. 
Firstly, it will enhance the efficient and clean way in which MSW is collected in the GAM and 

help to curb hazardous and dangerous emissions and smells which are originating from the present 

landfill and the fires which suddenly erupt in the present landfill due to the release of me S. 

Such gas releases can also cause dangerous explosions in certain cases. Secondly, the p, il l  
open the way for the beneficial utilization of MSW for the local production of energy m the 
country. Jordan is short of indigenous resources of energy and has to depend on imports to satisfy 

.F 

thane ga 
roject w 
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its growing needs. The project would serve Jordan's strategy in providing a local renewable source 
of energy, however modest this may seem at the beginnir 

:,-$ 

Through its emphasis on environmental cleanliness and usetul utilization or waste to produce a 
renewable energy source, the project serves the austa;ilable development of Jordan. It will also 

help Jordail acquire modern technologies and act as a demonstration center for these in the Middle 
East. 

3. PRIOR OR ONGOING ASSISTANCE 

-- 
training 

s energy Jordan ' ; , sector has for many years adop ith other 

developmental and donor agencies. In addition to UNUY, mis incluaes me worla Barn, USAID, 
GTZ, EU and many other technical assistance agencies. Such assistance has involved all sectors of 
energy: electricity, renewable energy, oil and gas development. It  has also included managerial 

stration projects and provision of software , demon 

lr and ac . . .. 
:tive dial ... . 

: and dat a system 

UNDP has initiated technical assistance projects in the energy sector in Jordan, the most recent of 
which is the establishment of a data bank for electricity and energy information. This projecl is 
presently under implementation. During the past few years, UNDP has undertaken other projects n 
aimed at strengthening Jordan's energy sector in the activities of energy planning, demand 
forecasting and oil and gas production sharing agreements 

The World  ban^ was particularly active in capacity bui~aing in me energy sector, providing 
technical assistance for restructuring and improving the management of this sector. A major share 
of technical assistance went into the electricity subsector where the World Bank assisted in 
initiating demand side management activities and also in building a small demonsb newable 
energy wind farm. 

The Jordan energy sector enjoys good relations with the EU and USAID as well as with many 
other European countries and Japan through bilateral assistance agreements. Through this 
assistance, the energy sector in Jordan has been able to build energy consumer centers and a 
electric power training center, now acting as a training center for the region. Technical assistance 
from Germany greatly assisted in developing the utilization of solar energy and other renewables 
in Jorda- 



This technical assistance has meant that Jordan's energy sector is well managed and better planned 

than most other energy sectors in the region. Jordan therefore acts as a demonstration and training 
ground for other countries in the region in energy matters. 

The Ministry of Planning has been nominated to have the 

projects in Jordan and will act as coordinator for this nationally 

overall 
execute 

)r all GEF 

AM) run! 
-c-:--*1-. 

llity (GP Like I 
-r --. 

rnunicipi 
r- 

' other la mman h uge cities, the G s a number 

or services ror me population. Waste collection in Amman is handled very ~ ~ I I L I C I I L I Y  by GAM, 
and collecting the amount and types of waste required as input for the biogas plant will pose no 
problems to the GAM. The landfill operation at the Ruseifah site is organized by GAM, and the 

technical aspects of organizing the drilling required to utilize the methane from the landfill can be 

carried out by GAM as well. 

Overall responsibility for the management of the energy sector rests with the Ministry of Energy 
f- and Mineral Resources (MEMR). Energy planning is undertaken in coordination with the Ministry 

of Planning. The electricity subsector is managed by the Jordan Electrical Authority (JEA) and 

that of the oil and gas subsector by the Natural Resources Authority, both of which are semi- 
autonomous institutions. The Minister of Energy is the Chairman and President of these two 
institutions, respec~;vely. Besides the MEMR and JEA, renewable energy activities are carried out 

by other institutions, the foremost of which is the Royal Scientific Society (RSS), which is 
particularly involved in solar energy and other forms of renewables. 

The JEA has a large amount of experience and capability in the operation of gas turbines and 
diesel engines similar to these to be utilized in the present project. JEA has been operating gas 
turbines firing diesel oil and natural gas for more than fifteen years and gained a lot of experience 

in operating and maintaining such engines. The engines provided under this project, the operation 
of which will be en-trusted to JEA, will not post any technical problems to the capable staff of the 
Authority . 

A joint venture between the JEA and the GAM will be established. This joint venture, the 
Jordanian Biogas Based Electric Power Generating Organization (JBO) will be the institution 

F 



responsible for the actual construction and day to day operation of the combined biogas and 

landfill plant. A copy of the draft agreement between the JEA and the GAM is given in Annex 

VI. 
r\ 

B. PROJECT JUSTIFICATION 

1. PROBLEM TO BE ADDRESSED; THI 

nation \ 
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Jordan is a developing D 1600. 

Jordan has significant agncurrurzu a~uvr iy  arlu IIlUUCrdlt: n~uusirialization. Due LU I ~ G K  of local 
energy sources, Jordan is totally reliant on energy imports. Furthermore, the limited resources of 
fresh water are vulnerable when faced with the threat of pollution such as the one posed by waste 
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figures I List of main cities in with population Table 1 Jordan , landfill sitesltj rpes and waste 

In terms UI ~ U ~ ~ ~ I L I L Y  per u p ~ ~  m u  WIISLILUCIIW, the waste generaw III  ~ordan is wrrlparable to 
that of most semi-industrialized nations. The total generation of waste in Jordan is estimated at 
3000 tones per day of which approx. 3200 tonestday is estimated as being household waste and the 
remainder industrial and agricultural waste. The distinction between industrial and household 
waste quantities is diFficult due to the lack of discrimination between non-hazardous (mostly 
~ganic, paper and plastic) industrial waste and household waste during waste collection. Table 1 

9resent.s a list of the main cities in Jordan, their landfill sites and reception capacities. 
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In this project the focus is on organic matter waste generatlon. I able L presents a list of waste by 

source. 

1.4111 

Greater 

In addition to the figures in table 2, an annual amount of 1,83 million m3 of septic and pre- 
sedimentation sewage sludge from treatment of 43.8 million m b f  sewage water is generated in 
the Greater Amman area. 
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. . Altogether, the potential annual amoun t of sev vage sludge and septic 1 d in Amman, is 

estimated at 84,700 tones of dry matter. 
F. 

The major part of the population lives in the capital, Amman, wnicn has about 1.6 million 
inhabitants, representing more than one third of the population of Jordan of 4.4 million in 1995. 
The neighboring city, Zarqa, has the second largest population of 700,000. 

The muni~~palities of Amman and Zarqa share h e  same landfill for dumping the I solid rn 

waste. The Public Cleansing Department in the Greater Amman Municipality (GAM) is 

responsible for the collection of waste from the city of Amman and disposing of it in the landfill. 
This site, the Ruseifah Landfill receives 1,500 to 2,200 tones of waste per day, amounting to 
600,000 tones of MSW annually, and is by far the largest and main landfill site in Jordan. 

Deposition of waste in landfills suffers from the shortcoming of causing severe environmental 
problems, i.e. emission of greenhouse gases (methane and carbon dioxide) and other substances, 
toxic residuals, potential contamination of gro ution of the wz , odour 
nuisances, etc. 
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methane is generated annualljl at the landfill site and released into the atmosphere, due to 
anaerobic digestion of the organic waste fraction, which makes up approximately 65% of the 

waste received. Methane is a highly concentrated greenhouse gas with a global g effect 
equal to 21 times that of COz. Therefore the present equivalent emissions of C@ to over 
one million tonec 

The two main cities, Amman and Zarcla, I l a v G  a well-developed and efticient , W ~ L G  Ldllection 
system with large containers for collection of household waste located at various places in the city 

and separate collection systems for institutions, hotels and small-scale industries, etc. To collect 
the waste and transport it into the landfill site, the city operates a fleet of 100 vehicles, each with a 
capacity of approximately 12 tones, and a staff of 200. Waste is collected daily from street 
containers and transported to the dumping landfill site : landfill aste rea 
compacted md covered with soil. 

. At the , the w eived is 
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A system for differentiating between ~ ~ ~ I C I C I I L  aurces and industrial was 
the same mllection system. Hazardous and chemical industrial waste, however, IS handled in a 
separate system by a specified procedure related to the nature of this type of waste. Other items 



that are handled separately are building material, bulky items such as refrigerators and furniture, 
which are transported by the owners to a specified site different from the landfill. 

T 

Liquid waste generated by industry and food processing entities (slaughterhouses) is pre-treated to 

meet health regulations and then disposed of into the lllastewater sewage system. 

Apart from the exceptions discussed above, all waste without distinction goes into the containers. 

No policy or practice exists for waste segregation. Containers normally contain a mix of waste, 

even at inddstrial sites. 

,tal area of the Ruseifah Landfill is 700,000 square meters with the first stage occupying 

200,000 square meters. The first stage is expected to last another 2-3 years before exhausting the 

allocated space. The entire landfill is expected to meet disposal needs for another decade only, if 
no major waste processing projects are established. 

The Arab region is one of the most rapidly growing regions with regard to population and 
urbanization. The city of Cairo has a population exceeding 12 million, and the cities of Damascus 

and Baghdad each claim at least 3 million. By the end of this century the Arab region will contain 
many mega-cities. Such urban expansion is creating daily problems in handling and disposing of 

emissic 
increasing amounts of MSW. Furthermore, it creates serious sources of globally detrimental 
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~dfills are forcing these cities to contemplate many projects for handling and treating 
>f which are environmentally clean. Production of compost has been attempted in 

some or rnese cities with environmentally detrimental results. Other cities, being unable to handle 
the rapidly increasing flow of MSW, are allowing this to rot, not only causing emissions but also 
major local environmental problems. The growing problems of dealing with MSW is proving to 

be one of the major environmental problems in the Arab region. 

The waste treatment system of this project will have many environmental advantages and 

socioeconomic effects and will make an important contribution to the reduction in CH4 emission to 
the atmosphere and in the consumption of fossil fuel, thereby also reducing the net emission of 
COz. A description of the amounts of waste to be treated, power production and greenhouse gas - 

reduction is given below. 
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. . An integral part of the project i! ternal capability for sustaining and 

replicating this type of project. It includes the eduMuullcu, guvclnmental, and social infrastructures 
P necessary for such activities. Below, the expected specific results of the project are outlined with 

respect to greenhouse gas reduction, electricity production and waste treatment. 

2.1. Construction and operation of the mmcipal and industrial organic wa 
mating biogas plant - amounts of waste to be b 

pvenhouse gas reduction 

mwer productia In and 

The ov by treat CIUI ~cduction irr g ~ c c ~ ~ ~ ~ o u s e  gas emission to be achieved ment of 875,000 tones of 

me organic waste generated annually in Jordan, as estimated for possible replicable projects in 

Jordan, is equal to 34,700 tones of CH4 annually assuming that 75% of the waste would be 
degraded anaerobic if deposited in a landfill. The fossil fuels replaced by the biogas that could be 

produced from this waste with 100% anaerobic digestion (46,300 tones CH4) equals 59,000 tones 
of diesel oil with net COz emissions of a~~roximatelv 185.700 tones Der vear. 
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34 with ( daily inp prox. 50 
tones o a systen :d in the new landfill will generate 2600 m3 CHI. Altogether 7800 
m3 of ( be gene ily which is equivalent to 1 MW. If the waste were deposited in 

P the landfill as it is today and partly digested anaerobically, one would expect a release of 1,540 
tones per year of CHI. The total amount of biogas generated corresponds to a substitution of 1,910 
tones of diesel oillyear equivalent to a COz emission of 5,950 tones per year. The C02 equivalent 
of the reduction in CH4 and COz emission can be estimated to 21 x 1,540 + 5,950 = 38,290 tones 
of COz per year. 

The biogas plant will be economically viable with an annual net profit of USD 75,000 after part of 
the profit has been set aside for replicable projects. The profit will be derived from the production 
of 7.2 GWh of electricity, powering the equivalent of 2,400 average Western European 
households per year. Furthermore, once a market for fertilizer is established in Jordan, an 
additional annual income of 87,000 JD (USD 125,000) can be expected. Income from the sale of 

these products will be used to cover all operating costs of the plant and to promote the education in 
and the dissemination of biogas technology in Jordan. Jordan's national power utility, JEA, has to 
connect the biogas plant to the public grid, and to Dav market rates for the bioeas generated 

electric ity. 



175,OC Part of this The gross profit expected to be generated fror 
income, approx. UST .,.A AAA "I be set aslae tor eaucatlon and training anu for project T 
replication. 
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A co~ ~n of several factors serves to ensure the sustainability project. First, the 
Jordanian uovernrnent puts great emphasis on h e  development of lo- crlergy sources based on 
indigenous resources. this bei 
plan. 
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ng one of the c entral pi illars of the Go! t's national energy 

Secondly, the Jordanii generally highly educatec 
es from abroad. 
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.---^I -- Thirdly, ZUI 111~gra1 par1 UI UI~: P~UJ~X;L is the esla~~~sr~rr~ent of Jordan's i i l~rr l iu capability to sustain 
and replicate this project type. It includes the educational, governmental, and social infrastructures 
necessary for such activities. The backbone of these programmes will be the training, both 

theoretical and practical, of not only the Jordanians immediately responsible for I operation 
and maintenance of the biogas plant, but also the University of Jordan and Government officials, n 

icipal, as well as 

the dailj 

both n several tnd muni NGOs. 

Further details on the training 1 includi must be 

chapter B 6 and in Annex 111. 
ers that : le can b e found in 

TARGET BENEFICIAnm" 

I ne general populauon or Jot-&. ...: waste treatment p~ant will proauce electricity, a 
needed commodity in Jordan a he electr divered to 
the national power grid. 

icity prc duced H petitive I price. TI 

The general pop 3f the ci Municip a1 and Industrial waste h nman - 
Amman is well organized. However, with the present landfill operation, major problems will 
occur in addition to the release of greenhouse gases. Such problems are smell, possible leakage 
from the landfill and the danger of fires and explosions. The completed bioenergy plant will 
collect, receive and dispose of Amman's organic waste, thus improving the living standard of the 

,n 



. . city dwellers and improving the general econo vaste dis the c i ~  r to the benefit of 

both the population and industry. 
I" 

* The Ministry of Energy, GAM and JEA - I ne WI~~L~UGLIUII iu~u U ~ ~ I ~ ~ L I U ~ I  of this new form 

of bioeriergy plant for the Middle East will be a success in development and cooperation for the - , 

various governmental bodies involved. 

an - tht tment o Enginee I'he University of Jord : Depar r CIVII d Department of 

Microbial Biotechnology will be major recipients of training and analyticalleducational materials in 

their capacity as consultants to the bioenergy plant and in their role as the Jordan scientific center 

of biogas-process evaluation for replicable projects. 

* Environmental NGOs will benefit from training and from involvement In p u ~ ~ l c  outreach 

activities. 

:T STR ATEGY ' AND 1 

4.1 Project implementation 
,f- 

The re ogas pla 

Venture 

sponsibility for the construction and operation of the bi mt will be shared by the 
Municipality (GAM) and Jordan Electricity Authority (JEA). These two institutions have formed a 
joint venture called "Jordanian Biogas Based Electric Power Generating Organization (JBO)" in 

order to make this project possible. A copy of the draft joint venture agreement can be found in 

Annex VI in which the institutional responsibilities for the Joint Agreement are 

elaborated. 

The responsibility for the implementation of the actlvlties or tnls project are allocated 

followi ing parti 

>- The Ministry of Planning (MP) 

> -  The Ministry of Energy and Mineral Resources (MEMR) 
>.- Contractor 1 (design and construction) 

Contractor 2 (training and education) 
>-- University of Jordan (UJ) 
>.. Greater Amman Municipality (GAM) 

P 

to the 



* Jordan Electricity Authority (JEA) 
* Jordan Biogas Based Electric Power Generating Organ~zat~on (JBO), representea by 

the plant manager, who must be appointed at the start of the projt 
-', 

* Jordan Environment Society (JES) 

r. Queen Alia Fund (QAF) 

The roles of the various ministries and institutions are described below. However, as biogas 

technology is new in Jordan, two types of international advisors will be used. These advisors 
(henceforth referred to as Contractor 1 and Contract01 n g 
agency of the project with the approval of UNDP. 

r 2) will d by the execu ti 

The roles of Contractor 1 and Contrac tor 2 wi I1 be: 

Contractor I (design and construction) 
Responsibility regarding supply of material for the plant, provision of detailed design and 
construction drawings, coi~struction, comlnissioning and guarantee of methane ~roduction for 
at least two year after con?missioning. 

Contractor 2 (training and education) 
Responsible for the training and capacity building program. Contractor 2 will have access to a n, 
similar operating plant outside Jordan, where the practical training can be carried out. 

. - 
Contractor 1 a~ ~ld  be the same compan! 

COntracton I QIUL L 

These contracts will be established through international competitive bidding under standard 

procedures. The contract awarded to Contractor 1 will include sufficient provisions to ensure that 
the Contractor 1 guarantees: (1) the reliable production of methane from the biogas reactors and 
(2) its reliable firing in the gas engine. These guarantees should extend over at least two years in 

order to ensure the good performance of the plant. Retention money andlor enough satisfactory 
guarantees will be provided by the Contractor as a guarantee to the reliability and safe 
performance of the plant. 

Contractor 2 will be required to provide training to the JBO pel 
operating and maintaining a biogas electricity generating plant. 

md othe 



: JNDP. 
. . Project Initiation Conrultant 

The Project Initiation Consultanr, 111 dose consultation WIKI JDU UIU L.  .- - , W I I I  uc responsible 
P". 

for tender preparation (for other tasks of the Project Initiation Consultant, see Annex IX). The 

Project Initiation Consultant will further be present at the commissioning test to certify to UNDP 
and the Government that the plant performznce and output comply with the specifications. 

4.2 General implementation and cool 

A Special Consultative Committee (SCC) will be established under this project. The SCC's main 

responsibility is to assist with the information exchange, coordination and training aspects of this 
project. The SCC is thus a consultative group which will guide these and future activities aimed at 

utilizing municipal solid waste for the production of energy. Furthermore, the SCC will 
disseminate information regarding this project inside and outside Jordan. The SCC will be 
chaired by the Ministry of Planning. UNDP will also participate in all SCC meetings. 

Members of Special Consultative Committee (SCC) and their areas of responsibility: 

Minist ry of Planning: ,era11 planning in Jordan 

Ministry of Energy and Mineral Resources (MEMR): Planning and coordination of new 

and renewable resol 

Jordan Electricity Authority (JE 

Greater Amman Municipality (GAM): 

Jordan Environment Sc ciety (JI 

Queen Alia Fund (QAF 

Generation -- 

electricity 

Waste collection and management in 
Amman 

Eli hancing awarene 
rironmental issue 

Enhancing status of women; 
improving information and outreach 
to women 



The Special Consultative Committee will follow the plant operation and will further have the 
responsibility to advise on the allocation of the USD 100,000 generated annually as part of the 

h\ 
income from the biogas plant. This sum will be used for training purposes. The above mentioned 
committee will have over-all advisory responsibility for the promotion of biogas technology in 
Jordan. 

4.3 Practical implementation by the Jordanian Biogas Based Electric Power Generating 
Organization (JBO) 

A number of people will be employed by the JBO and paid by the Government of Jordan as part 
of the Government contribution to the project. When the plant is I ,  these staff will 

be remunerated from the income generated at the plant. 

fully op erational 

The JBO will 01 lder the following basic p rinciples 

: and technical responsibility for the operation of the plant. 

2. Annual presentation to the Special Consultative Committee (SCC) detailing the economic 
status of the plant as well as budgets for the comino two year period. 

/1 

3. The income from the sale of electricity, methane and fertilizer will be used to cover the 
operation costs, i.e. salaries, maintenance, spare parts etc. 

4. The profit will be used for expanding the piant and for promoting other replicable projects. 
However, pan of the profit (estimated at USD 100,000 annually) will be transferred to cover an 
integrated training programme on a number of levels: education at the university; training in the 
public sector and on a commercial level in subjects related to methane release and utilizatio 

As part of the joint venture agreement, JEA has agreed to distribute the electricity and make the 
necessary electrical connections to the network and GAM has agreed to build the roads. fences and 
the foundation of the plant. 

JEA will pay an agreed rate for the electricity of 4.7 cents/kWh (rate paid by GAM). This rate 

will be negotiated annually as part of JBO's general negotiation with JEA. 



For the first 2 years of plant operation the value of fertilizer is set at zero, as this type of fertilizer 
is a new product in Jordan. After introduction on the market, a price per tone of 3-5 JD can be 

expected. This could add a potential annual income of 87,000 JD (corresponding to USD 
125,000). 

Based on these prices it will not be n t ~ s ~ ~ y  to SU~SIUILC UIZ plant c 
overall annual budget is projected as follows: 

Annual ex~enditure 

Maintenance: 3% of the cost of investment USD -:I1' 

Operation 
Sundric- 
Total 

Income 
Sale of 7.2 GWh of electricity at 4.7 cents = 

Gross profit 
F- Set aside for training pumoses and replication 

Net profit 

ion 

s operat ing. The 

USU - 1 3 , w  

USD 50,000 
USD 38.000 
USD 162 

JSD 338,000 

i ,000 
JSD 10( 

USD 75.000 

In addition, incor~lc I I U I ~  the sale of fertilizer is ~ A ~ K U  after y e -  ' 

4.4 NGO involvement 

The Jordanian Environment Society (JES) is the major NGO in Jordan which is engaged in the 
control and prevention of pollution in urban areas. JES is also heavily involved in public 
awareness and dissemination of information concerning environmental preservation. The Society 
has a close working relationship with the Greater Amman Municipality and regularly assists the 
Municipality in its efforts to ensure cleanliness in the city and to educate the public with respect to 
means of pollution prevention. JES will be represented on the Consultative Committee 
(SCC). 



As one of the main aims of the project is pollution prevention, JES will work in association with 

the GAM towards educating and assisting the public in clean ways of handling MSW and in 
-, 

separation of waste, into industrial waste and domestic waste, particularly in large institutions. JES 

will undertake this through its publications and advertisements and the seminars it regularly 

organizes as well as via training and public awarerams campaigns, conducted in association with 
the Municipality, particularly among school children. 

JES will arrange a major seminar with the participation of the Municipality, me n4inistlj of 

Energy and JEA to explain the project to the public and raise awareness regarding its major 

environmental, local and global benefits. Through its many branches in Jordan, JES will be able to 
. ~ ~. 

disseminate information about the project to other municipalities to enable a cour on 

of clean technologies for handling and treating MSW. 

ntry-wid e adoptic 

Furthermore, the Queen Alia Jordan Social Welfare Fund (QAF) will be actively involved with 

the implementation of activities that deal with outreach to women on issues pertaining to household 
waste management. 

5. REASONS FOR ASSISTANCE FROM UNDP/C,EF 

The project is developed in line with the GEF Operational Strategy's Sixth Operational 
Programme: "Promoting the Adoption of Renewable Energy by Removing Barriers and Reducing 
Implementation Costs" 

In view of the many urgent needs in Jordan, a project like this, however userut, wilt not be 

initiated without the support of GEF. The technology proposed, though solidly based on the 
extensive experience of similar programs in developed countries, has never been demonstrated in a 

developing country. This means that a recipient country wishing to independently fund such an 
undertaking would have to overcome significant technical, non-technical and financial barriers. 
Without full  GEF support for the first plant, the project would most likely not be implemented, 

despite the modest secondary potential for profitability. In spite of the anticipated financial 
viability of such a biogas plant, it is clear that multinational, regional and national banks are not 

likely to grant loans for such an enterprise until its feasibility is fully demonstrated in the Middle 
East. It is the aim of this project to provide this form of demonstration. A combined landfill 
biogas plant has not been demonstrated in a Middle East context but the technology is no more . 

complex than existing non-biogas commercial energy establishments in Jordan; moreover, the 
technology is well established in Europe. 

9 
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The project will address a nummr or Darners. I nese are: inrormaLlurl uar I ICI s, q a r ; l ~ y  barriers 
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and technology barriers. These barriers are outlined in greater detail in the GEF Project Brief 
under which the funding for this project was allocated. The activities designed in the present 

operational project document are entirely derived from the barri le Project Brief. 

The ~roject brief is available upon request. 

ier anal) 

DY ~c~~loving the identified barriers, the project covers or applying the 

biogas technology. The baseline situation is that the rapid growing population of Amman and 
Zerka ( Amman and Zerka is growing by about 5%) will by year 2000 generate an amount of 

:d municipal waste exceeding more than 

; the inti :l costs f 

:ones da: 

As all this waste would go into one single landt~ll. . lh~s  sltuatlon compares well wltn similar 
problems in all large cities in the Middle East, Africa and Asia. Based on an estimated annual 
emission of CH4 and CO., in Jordan of 120,000 tones (166 million m3) and 12 million tones 
respectively, the implementation of biogas and landfill gas technology in Jordan has the 
potential of a reduction of the total CH4 emissions bv 33.4% and of the total CO.2 emissions 
by 2.21 

By removing the barriers to this technology in Jordan and the Middle East, the present project 
will ensure the application of this technology on a large number of replicable projects. In 
Annex V a calculation of the replication cost is included. Given a proc price of 
cents per k w h  from the demonstration plant compared with the presen oday in . 
of 4.7 cents per kwh, the project clearly includes the elements needed tor tne assuranc 
replicability. 
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t price tc 
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5.6 
Jordan 

,- 

The Environm 
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The proposed plant will have the capacity to treat about 60 tones of organic waste per day, or 
about 4 percent of the daily waste generated in the capital city. The project combines methane 
emission reduction with new ways of producing electricity and fertilizer for surrounding 
farms. Among other positive impacts, the project will therefore also help to reduce Jordan's 
dependency on oil imports. 
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The main objective of this project is to demonstrate the environmental and en~l~~-~=i le ra t ing  n 
benefits of extraction of methane gas from an existing landfill in Amman and of the utilization 

of pure organic municipal and industrial waste for biogas production in a controlled reactor. 

ogas plant the municipal organic odsi; is almost torally converted to energy (as 
metnane) h ~ d  organic fertilizer for the surrourlding farmland. The landfill gas system has the 
potential for extraction - of the potential methane generation within the 
landfill. 

A mett ~od  for I )a1 solid waste fi or energy production is to deposit the waste in 

properly covered and protected landfills, where the organic matter is degraded under 
anaerobic conditions during in a period of 10-30 years. The generated methane gas is then 
extracted through a specialized gas drainage sj----I 

plant, N 

A- 

A cleaner way, introduceu In this project, is separate treatment of "clean" organlc waste in a 
biogas rhere the organic matter is degraded under controlled anaerobic conditions in 

large reacrur ranks. Here the organic matter is degraded in about two weeks, generating about 
300-400 mf of methane per tone of drq natter at a degradation rate approximately 800 
times that of the landfill gas system. 

,n 

waste r 

Assumi j matter con tent 
- .  

w 

soil COF 

latile solids) and assuming further that 75 % of 
the organic matter is anaerobically degraded if deposited in the landfill due to compacting and 

rering, t ~nstration biogas plant thus represents a reduction in the CH4 emission 
to the atmosphere of approx. 1.21 million mf annually, based on an input of ,'O tones per day. 

The landfill gas plant has an estimated ~ p a r ; ~ r y  for extraction of approx. 0.93 million m' of 
CH4 annually. 

The total contribution to the reduction in emission of methane for the two demonstration 
plants is thus 2.14 million m3 or 1,540 tones of CH4. In addition, the equivalent of 1,910 
tones of diesel oil is substituted. resulting in a reduction in net ~issions of 5,950 tones 
per yea 



Technical Co-operation among Developing Countries 

An integral part of this project is the use of profits derived from the sale of products from the 
bioenergy plant for replicable projects. In that connection, part of the income from the JBO 
has been earmarked for replicable projects, training and education. The biogas plant will also 
act as a forum where representatives from other interested developing countries can see an 
operating bioenergy plant and receive an introduction to biogas technology. The ultimate goal 
is technological exchange and transfer among the developing countries for dissemination of 
this type - nhouse-gas-neutral bioenergy technology. 

Another center for biogas technology has been established in Afr 
SEF and DANIDA funded Takagas project. It is the intention to 
this project. Moreover, contacts will be established with biogas plants 01 
climatic zones as well as other GEF funded biogas initiatives. 
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A potential partner in the future may be found in China, where initiatives have been take11 ro 
exchange information with the Chinese State Science and Technical Committee, that has the 
responsibility for running about 25 major biogas pl'ants. 

F Co-operation with non-governmental organizations (NGOs) 

In the section on Project Strategy and Implementation Arrangements, tne ition with the 
Jordan Environment Society (JES) and the Queen Alia Fund (QAF ) is m i. It  is the 
intention to let these NGOs work out a concerted plan of action for public 
information/education outreach to be approved by SCC. An allocation of USD 72.000 has 
been set aside in the budget and the SCC has been given the task to promote outreach 
ctivities using part of the revenue from the USD 100,000 generi ,m JBO. 

Involvement with the Private Sector 
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The waste producing industries include vegetable markets and slaughterhouses. The main 
slaughterhouse in Amman processes an average of 1,200 sheep, 70 heads of cattle and 25,000 
chickens per day. This slaughterhouse alone produces 23 m b f  b 
waste a day, equal to an annual quantity of 6,000 mqiquid waste 
-vaste; a total average of 24 tones per day. 
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Contacts have been made with private companies producing the above-mentioned 

biodegradable waste, as well as with restaurants and hotels. olive factories, dairy industries, n 
leather tanning industries and various farm industries. 

In conclusion i, 

non-su bsidized. 
t should be men tioned tl lat most of Jord an's electricity sector is privatized and 

The Queen Alia Jordan Social Welfare Fund (QAF), which is one of Jordan's largest NGOs, 

is devoted towards enhancing the status of women and assisting women's role in training and 
self-reliance through job creation. Women's participation in household waste management, 
environmental cleanliness and prevention of pollution is one of the main interests of QAF. 

The Queen Alia Fund normally cooperd~~b WILII the Jordan Environment Society (JES) in 
activities relating to the environment. It is the intention of the project that cooperation 
between these two important Jordanian NGOs in the field of environmental protection can 
ensure the implementation of a concerted plan of action. 

7. CO-ORDINATION ARRANGEMENTC 
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Both the JEA and the G ' ' - - 11 be involved in the actual implementation of the project. As 
mentior M will form a joint venture, the Jordan Biogas Based Electric 
Power G C I I G I ~ L I I I ~  W I ~ ~ ~ ~ I I U L I U I I  (JBO). JBO will be responsible for the biogas and landfill 
plant. 

~n the co ordinati on arrar Further lgements are given in the section on Project Strategy 
and Implc~~~c~lation Arrangements. 

8. COUNTERPART SUPPORT CAPACITY 
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ts, there Jordan has no indigeno~ relies almost entirely 01 

development of indigenous resources including new and renewable sources of energy t. 

always been en( j by the Government.  his is reflected in all of Jordan's Nation 
Development Plans. ~articularly the latest Fifth National Five Year Plan 1993-1997. 

fore the 
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. - The energy sector in Jordan is ed. by the Minis1 nergy and Mineral Resources 

(MEMR). According to its manume, dEMR is responsme lor carrying out planning, policy 
P- 

formulation, energy conservation, renewable energy development and for the import of crude 
oil and petroleum products. MEMR has formulated an energy strategy for Jordan. The main 

elements of this strateg: on: (I) reducing the country's dependence on imported oil by 

developing domestic energy resources and by increasing energy efficiency through 
conservation, demand managen pricing measures; (11) providing gconomic and 

diversified energy supplies incl~ lcouragement of renewable energy; (111) adopting 

pricing policies to ensure the economic efficiency and financial viability of energy sect( 
entities; and (IV) protecting the environment by reducing the emissions and the polluda 
caused by the implementation of energy projects. 

lent and 
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Jordan has a strong academic and scientific institutional ~CL-up quite capable of absorbir~~ IIGW 

technologies such as that of "waste-to-energy-conversion" and to help in disseminating these 
in the Arab region. Therefore, the project goes far beyond mere construction of a facility 

ng energy from waste. It aims at transferring technology and know-how to the country 
mu, V I ; ~  the country, to the region. The involvement of universities and scientific institutions 

:en emphasized throughout the project. 

A Under the joint venture arrangement. the Municipality will be responsible for collecting 
separating the waste and delivering it to the biogas plant. JBO will be responsible for th 

production of the biogas, operating the gas engines and selling the electricity, the compce+ 
and disposing of the refuse. JBO will endeavor to operate on a commercial basis from 
initial inception and thus to generate profits which wili be fed back into the project to e: 
it and improve its performance. 
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e 
UJL 

its 
"...,..A 

Both the Municipality and the Jordan Electricity Authority have a large number of well 
qualified employees capable of operating and maintaining this project. The Municipality runs 
one of the most efficient MSW managed systems in the region, and JEA also operates a most 
reliable electric power network and has vast experience in running generating plants and gas 
engines. 

Both the Municipality and JEA will provide the local counterpart support and funa~ng o 

providing the local infrastructure, building local facilities including connecting the new 
plant to the national electric network and provide staff to operate the plant successfully. 



C. DEVELOPMENT OBJECTIVE 
/1 

n's dan, thereby in g Jorda 
-- .  . 

To reduce biodegradable wasl nulatior 
. - 

I ir. Jorc 
- 

te accuu 
. - 

environment and reducing global ern] house gases (Ch4 and COz) while at 

the same time reducing the dependen ts. The overall re will be 

reached by introducing biogas technology. ~ornmned with the introduction of a new 

environmentally friendly tech ill ensure the project 

sustainability. 

issions c 

cy of oi 
m /1 

,f green 

a capaci ity train ling pro 

u. IMMEDIATE OBJECTIVES, OUTPUTS AND A C T M T I J ~  

Immediate Objective 1 (Capacity and Technology barrier) 

An overall controlled treatment of 18,300 tones or municipal waste per year, subsequer.,., 
reducing methane (CH4) emissions into the atmosphere by 1,540 tones annually as well as a 
reduction of C02 emissions by 5.950 tones annually through the utilization of the methane 

of the biogas produced from the waste for replacement of fossil content fuel. 

Success criteria 

The criteria of success i :ily to finish the construction of a treatment plan ~ t ,  to en! 
continuous supply of organic waste for the plan1 t and to start the biologic cal procl esses in the 
biogas rl 
n--~---* 

eactor for methane production. 
ourpur 1.1 

Construction, start-up and commissioning of a combined landfill gas plant and medium-scale 
demonstration biogas plant for treatment of organic municipal and industrial waste in Amman 

mon - 
nitiation by ProJer;~ 1111~iation consult an^. 

Please refer to Annex IX for Terms of Reference of this 1-6 UNDP 

consul tan t. 

1.1.2 Detailed design c 
biogas plant. 

bf the de monstra dfill and 



b '  

1.1.3 Ground preparation and fencing of the si, 

the landfill and biogas plant. 
te for 

1.1.4 Selection and purchase of equipment for the Contractor 1 

landfill and biogas plant. 1-3 Plant Manager 
Contractor 1 

1.1.5 Cc~~struction and assembly of the landfill and 3-12 Plant Manager 

biogas plant. 

1.1.6 Connection to the public electricity grid. 10-12 JEA 

1.17 Start-up and commissioning of the biological 13-20 Contractor 1, JEA 

processes in the biogas reactor, electricity generating 
equipment and the landfill operations. 

Output 1.2 . . 

A detailed plan for the collection, transport and landfilling of organic waste resources. Such a 
A 

plan will include methods to ensure the sustainable production of high quality landfill gas 
from the existing landfill. The plan will be based on studies of available waste resources made 
by the GAM. 

Activities Timing Responsibility 
Months 

1.2.1 Selection of the optimal composition of waste GAM, 
resources for the biogas plant and elaboration of a plan Contractor 2 

for collection of these waste resources. This plan will 
be made in close cooperation with the City Collncil and 
the waste generating industries. 

1.2.2 Examination of the composition of landfill gas 7-10 GAM, 
and the possibility of feeding this gas to gas engines. Con tracto 



Immediate Objective 2 (Capacity barrier) 

An improved basis for an enabling environment which lends itself to institutional security for 
r the demonstration biogas plant and to national planning for bioenergy in Jordan. 

Success criteria 
Verification of an operating budget for the combined landfill and biogas plant. Successful 

take-over of the operation and management of the combined landfill and biogas plant by 

national staff. A National Plan for further expansion of this technology through replication 

initiatives. 

Output : 
A verified operating budget for the combined landfill gas plant an i plant with detailed 

figures for expenses and -income based on signed agreements with purcnasers qf electricity 

and suppliers of organic waste products. 

Activities Timing Responsibility 

Months 
2.1.1 Agreement with JEA or interested private 1-6 MP, MEMR, JEA. 

P companies on the tariffs and mode of payment for JBO 
electricity produced by the biogas plant. 

2.1.2 Agreement with the Greater Amman 3-6 GAM, JBO, Plant 

Municipality concerning delivery of waste to the plant. manager 

This agreement should be coordinated with tariffs for 

waste delivered to the landfill. 

2.1.3 Agreements with different industries on the 3-6 GAM, JBO, 

delivery of waste products to the combined landfill and Plant manager 

biogas plant. 

2.1.4 Elaboration of maintenance plan for the 12-14 Contractor 1, JBO, 
F combined landfill and biogas plant. 

I 

I 

nager 



2.1.5 Preparation of an operating budget based on the 14- 15 Contractor 1, 

output of activity 2.1 ' A JBO, Plant manager ,m 

2.1.6 Management of the combined landfill and 18-36 Contractor 1 + 2 

biogas plant by experts Plant Manager 

Output 2.2 
As an important part of the project the Jordanian authorities have agreed to prepare a master 
plan for bioenergy for Jordan. This plan will be made with the assistance of external experts. 
but it will be an integral part of Jordan's overall energy policy. The plan will include outlines 

for at least 5 replicable biogas (to be funded from private investment I :s) 
based on anaerobic digestion a 
waste. 

Activities 

projects 

nd bioga ts production from municipal organic w; 
resource 
aste and organic 

Timing Responsibility 
Months 

f7 
2.2.1 Elaboration of master plan for bioenergy in -18 dP, MEMR, 
Jordan and its formal presentation to MEMR and MP ,'ontractor 2 

2.2.2 Elaboration of plans for repiicable projects. 
18-24 MEMR, JBO, 

2.2.3 Design least cost future investment program for Contractor 2 

the utilization ~f MSW as an energy source. 
20-24 Contractor 2, 

2.2.4 Complete an assessment of potential sources of JBO, MEMR 

investment finance including Jordanian and external 
private sector financing. 12-24 Contractor 2, 

JBO, MEMR 

2.2.5 Preparation of an investors portfolio which 
outlines the investment potential and opportunities in 12-24 Contractor 2, 

the field of hiomass/biogas to energy. JBO, MEMR 

m 



agement r Encour : of replication through outreach ontractor 2, 
to potential investors using seminars portfolios. 1 2 - ~ 4  ,30, MEMR 



QAF - Capacity of the Queen Alia Jordan Social Welfare Fund to implement 

part of a concerted plan of action for outreach among women for household 
waste management issues together with JES. 

Output 3.1 
A number of community level actions creating a broader awareness of pollution prevention 
and the role and possibilities for women in this context. The activities wi!l also result in a 
higher level of information and popular involvement of local communities on issues pertaining 
to waste management and its potential in energy production and impact on environmental 

pollution in the context of Jordan. Moreover, an increased level of information and awareness 
at the policy making level will work to the lay the foundation for future replication activities. 

For details of the training activities, please refer to Annex 111. 

Activities Timing Responsibility 
Months 

-. 3.1.1 Study of MSW of Greater Amman Area: 8-15 JES. QAF. UJ. 

quantities and constituents (with seasonal variations), GAM 

present methods of collection' and transport, dumping 
and disposal and the segregation of "clean" waste. 

3.1.2 Estimation of emissions and other environmental 2-8 JES. UJ 
impacts from the present MSW. 

3.1.3 Introduce and implement methods of to ensure 2-8 GAM, JES 

immediate and cleaner handling of all MSW available in 

GAM. 

3.1.4 Inform policy makers regarding technological 6-12 JES, UJ 
choices available in Jordan for energy from 
hydrocarbon alternatives. 

3.1.5 Involvement of Jordanian NGOs in outreach SCC, QAF, JEA 



work to create broader awareness of pollution 
prevention and the role and involvement of women in 

household waste management issues. 

GAM 

3.1.6 In conjunction with established plant and in 4- SCC, JES, QAF, 

cooperation with Jordanian Scientific bodies, establish a GAM, JEA 

small 
sessio: 
on the 

outreach center which can conduct briefing 
ns, tours, and provide information disseminatio 

: possibilities of biogas and other lessons learnel ' 

Output 3.2 

A thoroughly trained local staff capable of the operation and management of the combined 
landfill and biogas plant 

Activities Timing Responsibility 

Months 

3.2.1 Training of the plant manager, technicians and 4 

plant workers. Further details of the training is found 
in Annex 111. 

Contr 

3.2.2 Training of workers, carried out by trained 9-16 JBO, Plant 

technicians under the supervision of local experts. Manai 
Contractor L 

3.2.3 In service training of the plant manager, the plant 
technicians and the workers. This training will be done 10-18 JBO, 

under the supervision of Contractors 1 and 2. Contractor 1 

Contractor 2 

Output 3.3 
Upgraded capacity of GAM, JEA, MEMR and JBO to include technical know-how of 
medium and large scale biogas plants, landfills and their operation. The activities will work 



towards establishing the much needed confideme in the technology at hand, thereby ensuring 
replication. 

r Activities T i i n g  Responsibility 
Months 

3.1.1 Training ot administrative and technical staff 2-8 Contractor 2 

from GAM, JEA, MEMR and JBO at a full-scale bioga; 

plant and at an operating landfill plant in Europe. 

3.1.2 Provision of training of technical personnel, 2-8 Contractor 2 
technicians and design engineers in the technical choices 
and possibilities of bioenergy from biogas reactors and 
landfills. 

Output 3.4 . . 

An upgraded capacity at the MEMR. especially the Renewable Energy Unit, that would 
P4 enhance the capabilities needed for planning renewable energy from biogas, for initiation of 

replicable projects, for dissemination of knowledge about bioenergy and for the overall 
administration and supervision of bioenergy projects in Jordan. 

Activities T i i n g  Respons 
Months 

3.4.1 Training of technical staff from the Ministry of 2-8 Lonrractor 2 
Energy's Renewable Energy Unit at a European center. 
This center should be leading its local national planning 
in the area of bioenergy production and utilization. 



Output 3.5 
An upgraded capacity and know-how at the University of Jordan in the field of biogas 
technology. This will increase UJ level of involvement (nationally and internationally) in 
issues pertaining to biogas as a renewable energy option. As a result, the UJ will also be 
capable of evaluating potential sources of high quality waste and estimate possibilities of 
replication. 

Activities Timing Responsibility 
Months 

3.5.1 installation and commissioning of modem 8-15 Contractor 2 
laboratory equipment for research and education in the UJ 

biogas area at UJ. 

3.5.2 Training of academic staff from UJ at a biogas 2-8 Contractor 2 

center in Europe or elsewhere, with climatic conditions 
similar to Jordan. This center must be actively involved 
in research and development in the field of biogas 
science and technology. . . 

Supervi, 
. The ti 

sion of I 

rained L 
3.5.3 :he trained UJ staff by external 12-36 Contractor 2 

experts JJ staff will commence supervised 
work and research (in the context of Jordan) in the field 
of biogas technology. 

3.5.4 Encouragement of twinning arrangements with 12-36 Contractor 2 
centers of bioenergy. These centers will facilitate the 
Jordanian scientists access to information on biogas 
technology and it will facilitate the transfer of 
technology to Jordan. 



E. INPUTS 

rsonnel 

The Government will make the services of the existing staff of the Ministry of Energy and 
Mineral Resources, the Jordan Electricity Authority and the Greater Amman Municipality 
available to the extent and at the time required for successful implementation of the project. 

The following staff will be appointed for the project for a fixed duration: 

Ministry of Energy and Mineral Resources (MEMR) and Jordan Electricity Authority 
(JEA) and PCE. p.m. Value ir: JD 

Staff for project administration and staff for upgrading of institutional know-how, including 
staff for participation in the training program and in development of plans for bioenergy. 

Administrative Director 24 
Project officer, master plan for 'bioenergy 24 
Project officer, plans for replicable projects 24 
Secretary 24 
Driver 24 

Greater Amman Municipality 

Staff for waste management coordination: 

Waste management coordinator 24 
Waste management officer 24 
Secretary 24 
Driver 24 



The following staff will be appointed for specific project tasks for the duration necessary to 
fulfill these tasks, including staff for participation in the training program: ,n 

JEA - p.m. Value in JD 

Staff needd for preparation of specifications and assistance for construction and maintenance 
of connections to the public grid: 

Electric engineer 
Electric technician 
Driver 

nnel (1. Subtotal inpu 17,500 - USD 166,000 

1.2 Equipment and facilities in USD Responsible 

Buildings .GAM 
Ground preparation GAM 
Foundation of reactor and storage tanks GAM 
Sorting area 1500 m2 GAM 
Connection to the network J EA 

Subtotal input equipment and facilities (1.2) USD 1, i53,OOO 

INPUT FROM GOVERNMENT, GRAND TOTAL: 1,319,000 

Exchange rate: 1 USD = 0,708 JD (April 1997) 



2. UNDPIGEF INPUT 

/- 

Justification for procurement of large equipment component (budget line 46.00) 
This project is a demonstration project with the distinct objective to demonstrate the viability 

of biogas plant operation and land fil l  gas extraction in Jordan in order that GHG reduction 
can be achieved through this and the anticipated replication initiatives. The project is 

therefore designed entirely around (i) the establishment of the plant and landfill extraction 

operation and (ii) the creation of capacity in Jordan for the future management and replication 
of this initiative. 

In line with these objectives, therefore, the project includes a large equipment component, 
including the establishment of (a) the biogas plant; (b) the power generation system and(c) the 
landfill system. These three budget items (i.e. budget lines 46.01, 46.02 and 46.03) amount 
to a total of $2,763,500. 

Without these large infrastructure and plant components, the project c 
objectives. 

eet its stated 

2.1 DEMONSTRATION PLANT 
7- 

The project will be nationally executed with the Ministry of Planning having the overall 
responsibility and the daily execution carried out by a joint venture between JEA and GAM 
(JBO). 

The information and outreach component of the project will be administered in accordance 
with recommendations from SCC. The contractors for the construction and training will be 
implemented through turnkey contracts. 

The GI )P inputs are as follows: 

2.1.1 Project management 

The overall project management to be carried out 
in cooperation between JBO and Contractor 1. 
However since neither JEA or GAM have their own 

. Valu - - 



expertise, JBO will be required to hire external consultants to 

assist in preparing tender documents and evaluation 
of biogas plant performance. 

a. External expert, JEA and GAM 

b. Management expert, Contractor 1 

c. Commissioning expert, Contractor 

d. Supervisory missions 

2.1.2 Biogas plant construction and comrnissioninl 

The design and supervision of the construction and commlssloning or tne oiogas plant to be 

conducted by Contractor 1. 

a. Biogas plan; design engineer, Contractor 1 : 7 65,000 

b. Construction supervision expert, Contractor 1 : 9 85,000 
. . 

2.1.3 Backup activities for replicable projects ,n 

a. Preparation of detailed plan for collection & transport 
of MSW. Support to GAM program. 15,000 

b. Determination of optimum composition of waste and 
elaborate on plan for collection of waste. Support to GAM 
program 15.000 

c. Preparation of master-plan for bioenergy in Jordan 
Ministry of Energy 15,000 

d. In conjunction with established plant and in cooperation with Jordanian 
Scientific body (e.g. University of Jordan or Jordan Scientific Society) 
establish a small outreach center which can conduct briefing sessions, tours, 
and provide information dissemination on the possibilities of biogas and other 

lessons learned 15,000 



2.1.4 Combined landfill and biogas plant and waste collection equipment 

a. Biogas plant (2,000 m3 reactor) 

b. Power generation system 

c. Landfill gas system 

For a detailed listing and specification of equipment needed and its cost, please refer to 
Annex VII. 

Subtotal Demonstration Plant 3,118,500 

2.1 TRAINING, BIOGAS PLANT OPERATIONS MANAGEMENT AND 
COMMUNITY OUTREACH AND INVOLVEMENT 

2.1.1 Biogas plant operation and maintenance management. . 

a. Biogas plant operations expert, 
Contractor 2 

2.1.2 General Training 

The training programs include training personnel, accommodation of trainees, travel. training 
facilities and materials. Please refer to annex for details of the training. 

a. Training of technicians in technical 
choices & possibilities of bioenergy 8 80,000 

b. Upgrading of capacity at GAM, 
JEA & JBO personnel regarding 
know-how 

c. Establish twinning arrangements 
between UJ and bioenergy 



specialists 

2.1.3 Laboratory equipment 

iing of the laboratory equipment at UJ 

a. Laboratory equipment for training in 
anaerobic digestion of organic waste: 

Subtotal training 467,000 

2.3 INFORMATION AND OUTREACH 

Support to environmental and women's NGOs involved in environmental conservation to iead 
sensitization campaign in the community to encourage clean collection and segregation of 
MSW. involvement of the community and industry in identifying ways of securing clean 
handling of MSW and dissemination of information on the project in Jordan and the sub- 17 
region including seminars and public awareness campaigns. 

a. Information campaign in Amman regarding proper 
treatment of waste and reuse 40.000 

b. Estimate from emissions & impact from present 
MSW 20.000 

C. Introduce and implement methods of handling MSW 50,000 

d. Finalize designs to utilize MSW as an energy 
source in GAM. 30,000 

Inform policy makers, intellectuals and media 
on technological choices available in Jordan for 



energy from hydrocarbon alternatives. 35,000 

/"- f. Involvement of NGOs in ou, treach u 

g= Assessment of MSW in Greater Amman area: 

quantities and constituents (with seasonal 
variations), present methods of collection 
and transport, dumping and disposal, and 
segregation of "clean" waste. 35,000 

h. Design least cost future investment 
program for the utilization of MSW 
as an energy source 

Subtotal information and outreach work 285,000 

2.2 Support Services to Country Office for services provided in relation to GEF 
project (budget line 54) 

/- Justification: 

Experience indicates that country offices are incurring a significant workload in relation to the 
identification, formulation processing. support and monitoring of GEF projects. In line with 
UNDP's financial regulations such support must be reimbursed and should be charged to the 
project budget. 

Therefore, the country office requests reimbursement for the following services provided 
during the implementation of the project: 

Full time project support officer 

Site monitoring visitsltravel costs 
Communication (fax, phone and e-mail) 

Contingency 

Miscellaneous 

- 



Subtotal reimbursement to Country Office $1 16,500 
-\ 

2.4 Reporting Costs and Sundries 

TOTAL 



F. RISKS 

P 

The risks associated with this program include: 

PROBLEM 

The gas from the landfill is polluted for a period of tin 

engines. 

ne and c :an not t E used i n the gas 

Solution 

During landfill operations it is not uncommon that the methane from some of the pipes is 
polluted and cannot be fed direct to the biogas unit. The biogas plant includes a purification 
unit. Another solution is to feed the biogas plant so that the input contains more lipids. This 
will give a higher gas production from the biogas plant which can, for a period, compensate 
for the fluctuations in the amount of methane from the landfill. The best solution for the 
future operation of the plant and other replicated projects of this type would, however, be to 
implement the recommendations of the assessment proposed in activity 1.2.3 and thereby 

- '  

ensure a high quality of landfill gas from the Arman Landfill to be utilized in this and other 
biogas projects. 

PROBLEM 

The trained staff does not remain at the plant. 

Solution 

All trainees receiving their training outside Jordan will be required to sign contracts to work 
on the plant for a defined period of time (minimum three years). A combination of attractive 
salaries and the fact that the plant is the first of its kind in the regi.on should not be sufficient 
to maintain the staff in a country where the number of well trained people is veryhigh. 



PROBLEM 

n 
Competition from the other energy sources makes electricity from the plant too expensive. 

Solution 

As 1) the electricity is sold to the grid at day-to-day mprket prices and 2) it is unrealistic to 
imagine :, drop in the already low electricity prices in Jordan, this problem should not occur. 

Today, no other new and renewable energy sources (wind, solar energy) can compete with 

the electricity from biogas in Jordanian market terms. 

Prior o 

IWREQUISITES AND PRIOR OBLIGATIONS 

Assignment of counterpart personnel. 

Commitment of fund for activities listed in section E. Government inputs point 1.2. 
Cofinancing agreement with Government of Denmark secured. ,n 

The project document will be signed by UNDP and UNDP assistance to the project will be 

provided only if the prior obligations stipulated above have been met. 

Prerequisites 

A joint agreement has been signed between GAM and JEA on the formation of the 
Jordan Biogas Organization (JBO). 

The project document will be signed by UNDP and UNDP assistance to the project will be 
provided, subject to UNDP receiving satisfaction that the prerequisite listed above has been 

fulfilled or is likely 10 be fulfilled. When anticipated fulfillment of the prerequisite fails to 
materialize, UNDP may, at its discretion, either suspend or terminate its assistance. 



H. PROJECT REVIEWS, REPORTING AND EVALUATION 

r 
(a) Every six months the Administrative Director of the project (appointed by the 

Government) will prepare a progress report for the UNDP and the Ministry of 
Planning. These same reports will be sen: :3 the Regional GEF Coordinator in UNDP 
New York. 

(b) The project will be subject to tripartite review (joint review by representatives of Lhe 

Government and UNDP) at least once every 12 months, the first such meeting to be 
held within the first 12 months of the start of full implementation. The national project 
coordinator and the executing agency will prepare and submit two months prior to 
each tripartite review meeting a Project Performance Evaluation Report (PPER). 
Additional PPERs may be requested, if necessary, during the project. 

(c) An independent midterm evaluation will be undertaken by UNDP in collaboration with 

the relevant parties around month sixteen of the project. This activity will serve to 
evaluate the progress of the project in reference to the project plan, the objectives and 
the outputs which were set up at the project iweption. Moreover, this activity will 

- serve to recommend any action that is deemed necessary to remedy the project and 
restore it  in the desired direction. 

(d) A project terminal report will be prepared for consideration at the terminal tripartite 
review meeting. It will be prepared in draft sufficiently in advance to allow review 
and technical clearance by the Government and UNDP at least four months prior to 
the terminal tripartite review. 

(e) The project will be subject to evaluation 6 months prior to its scheduled termination. 
The organization, Terms of Reference and timing of this review will be decided after 
consultations between the parties to the project document. 



I. LEGAL CONTEXT . 
r\ 

This project document shall be the instrument referred to as such in article 1 of the Standard 
Basic Assistance Agreement between The Government of Jordan and The United Nations 
Development Programme, signed by the parties on 12 January 1976. The host country 
implementing agency shall, for the purpose of the Standard Basic Assistance Agreement, refer 
to the Government cooperating agency described in that Agreement. 

The following types of revisions may be made to this project document with the signature of 
the UNDP Resident Representative only, provided he or she is assured that the other 

ories of the project document have no objections to the propose es : d chang 

Mandatory annual revisions which re-phase the delivery of agreed project inputs or 
reflect increased expert or other costs due to inflation, or take into account agency 
expenditure flexibility. 



J. BUDGETS 

Project budget covering Government contribution in kind 

Country: Jordan 
Project number: JOW96IG3 l/A/lG/99 
Project title: Jordan: Reduction of Methane Emissions and Utilization of Municipal Solid Waste for 

Energy in Amman. 

ESCRIPTION 

W i a  (E INPUTS 2.2.2) 

Aahnini~ualivc director 

Project officer. m s u r  plan for biocncrgy 

Projcct officer. replicable projcca 

Was= mnnagmcnr coordinator 

Waru managcmcnc officer 

Scientific md engineering smff ( 1 )  

.-. .. . ...... .-. . . ........ .. .. 

Ground Preparation 

Foun&uon for Reactor 

Exchange rate 1 USD = 0,708 JD (Apr. 97) 



Project budget covering GEF contribution through UNDP 

Country: Jordan 
Project number: JORl961G3 11A11 GI99 

Project title: Jordan: Reduction of Methane Emissions and Utilization of Municipal Solid Waste 
for Energy in Amman. 

Cost 

21 

21.01 

21.02 

21.03 

21.04 

21.05 

29 

30 

32 ................ 
32.01 

32.02 

32.01 

39 

SUBCONTR 

Croup traini .................... 

~ e o d l a n t s  ....................................................... ....................... 
Conmrcmrl 

Conuncmr 2 

NGOs 

lnfonnntion and ouuwch 

Backup activities for replicable projeca 

COMPONENTTOTAL 

' 4h'DFEWU) 

I 5.. .............. , 

Training of technicians 

Upgrading capacity at GAM.JEA and JBO 

Twinning between UJ nnd mergy specialiss 

COMPONENTTOTAL 

!.OOO 

151.000 

72.000 

166.000 

60.000 

M 675.000 
-- ~ -- 

LOO0 

).000 

6 58.000 

1 10.000 

12 36.000 

50.000 

15,000 

19 169.000 

.................................................................................................... 

? 30.000 

~.000 1 

................................................................................................... 
IR 164,000 

G 58.000 

G 18.000 

50,000 

15.000 

30 305,000 

9 87.000 

6 18.000 

6G.000 

30.000 

15 201.000 

13 130.000 11 110.000 

- 

4 40.000 

7 70.000 

2 20.000 

4 40.000 

5 50.000 

2 20.000 



* Details to be found in section E.2 UNDP input. 
** Details to be found in Annex IV. 

8 ..........- - ................. 

10.000 

1 ,000 

38.830 

49.830 

20 391.830 

40 

41 

42 

46.01 

46.02 

46.03 

47.0 1 

49 

50 

52 

53 

54 

59 

99 

100 

101 

109 

999 

EQUIPMENT 

Ekpeadable equlpmml 

Noaarpmdable equipment ............................................................................................. 
Biogas plnnt ** 

Power gmcntion s y s m  ** 

hdfill gas sysm ** 

Lmbowy equipment 

COMPONPNTTOTAL 

MISCEUANIWUS 

Rcportingcorts 

Slmdrics 

hjfft9upportScwicn 

COMPONENTTOTAL 

GRAND TOTAL 

C O s r ~ G  

Govcmmcnt of Denmark 

C o n  SHARING TOTAL 

NET CEF NNDP COhTRIBVI1OK 

, ............................ 
1.250.000 

700,000 

173.000 

2.123.000 

1,000 

38.830 

39.830 

40 2,657,330 

1.743.500 

700.000 

320.000 

42.000 

2.805.500 

10,000 

3.000 

116.500 

129.500 

72 4,000,000 

1.500.OM) 

l.500.000 

2.500.000 

- 
.............................................................. 

493.500 

147.000 

42.000 

682.500 

1.000 

38.830 

39,830 

12 950.830 
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that are ongoing during the period ] -- . 

- -- - . .. - - . .. . . . - - . . . . - . . . . - . 
that have definite and scheduled outputs over the period 

~ .. .- . . . . 





ANNEX 11. 
CT REVIEWS, REPORTING AND EVALUATION 

Proposed Starting Date: 1 Jul 1997 

1. Inception Report 1 Sep 1997 
A 

2. General Report on Plant Status and Economy 1 Feb. 1998 

3. First Project Performance Evaluation Report (PPER) 1 Sep 1998 

4. Tripartite Review (TPR) 1 Oct 1998 

5 .  General Report on Plant Status and Economy 1 May 1999 

6. General Report on Plant Status and Economy 1 Sep 1999 

7. Second PPER 
/4 

8. TPR 

1 Sep 1999 

1 Oct 1999 

9. Independent midterm evaluation 1 Dec. 1999 

10. General Report on Plant Status and Economy 1 Sep 2000 

1 1. Project Terminal Report and Final Evaluation 1 Apr. 2001 

12. General Report on Plant Status and Economy 1 Apr. 2001 

13. Independent Evaluation 1 Apr. 2001 

14. Terminal PPER 1 Jun. 2001 

15. Terminal TPR 1 Jun. 2001 



General Reports on Plant Status and Economy to be prepared by JBO and presented to GAM 
f7 and J1 EA quarterly for the life of the Project. 



ANNEX 111. 
[NING AND QUALIFICATIONS 

A number of people will need to be trained not only I operation of the biogas 

~ Ian t  but also to ensure the correct dissemination of the results and to create the possibility of 
, rnenting replica1 : training shoulc of the plant 

;er and technical vpclarl rkers. The quali IS are described 
below. Besides training of the plant manager and the technica rhich 

should start very early in the construction period, training is ring 

improve the Jol Ice the native basis of knowledge 

current and rep 

e propel 

~ l e  proje :cts. Tht 
ions WOI 

I start w 
ficationa 

ith the t 

; of thes~ 

raining ( 

e person 
rkers, \A 

e follow 
11 operat 
suggeste 

:ions wo 
:d for th 

institu 

to sup 
~tions to 
lport the 

infrastru 
~rojects. 

td produ 

Targe 'raining , Activit ies (asic le from plant personne 

A. JBO 

lysis for plant 0 peration B. Laboratories of the Greate cipality (lab ana , quality 
control of the on-site m e a s u r e ~ ~ ~ ~ ~ ~ ~ s )  

/h 

C. University of Jordan, $Amman. Departmec vil Engi :robial 
Biotechnology (basic education for Jordanian university students, technical consulting on 
engineering and process operations at the plant. monitoring of plant's operational parameters 
and microbialoaical aspects. both monitoring and basic research) 

neering and Mic 

D. Managers ot varlous major waste suppliers ~ I U I  IcpllLavrc projects,. 

F. NGOs (JES, QAF). 

The O k t - ~ ~ a ~ l  LI-aining program will be based on: 

r Training at interna sed with biogss technolc 

. . * Training at a Technical University. 



* Training at an operational waste plant outside Jorda~~ LI -ling source-se~arated MSW, 
organic industrial waste and cow manure. ,f-? 

>.- Training at 

tention i 

:al operi 
- - 

: the Jor~ dan Biol 

: will be 
erienced 

gas Orgz 

a trainin 
are trail 

plant op 
&ha 2 

am whel 
soon as 

reby the 
facilitie 
- .  

The in ~g progr; plant manager and the key 
technic ned. As s exist in Amman, as much of 
the training as possiblc transferred to the ~lant.  Durlng the first one - two years of 
plant operation an expc I biogas a another qualified person will be 

located at the Amman U I L P ~ ~ ~  plant. WILII L l l C  direct involvement of the international 
consultants and plant contractors, he will supe the plant manager in order to 

ensure the best possible production of methane ULI ~ l ~ t 3  I y  out an on the job training that 

will enable the plant manager and the technical operations workers gradually to take over the 
operation during this period. 

~ - ~ 

rvise an( 
. ......I &I.. 

d assist 1 

." -....-. . 

In addition, the plant manager. technical workers and JBO personnel will participate in a 
training program involving both theoretical and practical topics and ex 

led plan1 
(theory and 

practical exercises and practical training at an already establisf 
0- 

The training program for the plant manager. te 

include theoretical lessons on the followinp.  to^.^^. 

.operational workers and JBO will 

Theory or metnanogenesls In blOgaS reactors - the feeding chain, block-points ana 
inhibitions and relations to various waste types, effects of special additionsladditives 
(bleaching earth, GAC etc.), metabolite monitoring for process steering, etc. 

'r Metabolite measurements, gas production. biogas potential and specific activity 
measurements and measurement of other parameters for assessment of the state of the 
process and for process steering. 

'r The Bio-Waste Combined Orgal nent System - the salient points of 
the Bio-Waste System will be descr~ur;~ MU pror;css management and steering will be 
discussed and analyzed with data from real. plant operation! 



le param 
ent, etc. 

be used 

mess S ~ C  

The Plant Manager, technical operations workers and possibly University personnel will 
perform practical exercises covering measurement of th ieters to (total volatile 

fatty acid, ammonia, pH, alkalinity, volatile solids cont ) for prc :ering in order 

to familiarize the trainees with methods used for "at-plant" measurement. The University 
personnel will, in addition, receive training in the latest research methods for measurement of 
the same and other parameters (specific activity tests for microbiological assessment of the 
state of the microbiological catalyst, preparation of samples for specific and group 
immunofluorometric analysis, etc.), the goal being that the University will also be involved in 

basic consulting with respect to replicable projects. 

As part of its mandate together with GAM, JEA, Ministry of Energy (MEMR) and the 
University, the plant will act as a Biogas Center with the goal of dissemination of renewable 
bioenergy technology in the Middle East. In this capacity, GAM, JEA and the University are 
charged with not only advisory scientific assessment of plant condition and operation on the 
process microbiology side, but also promotion of bioenergy education. In that respect, the 

personnel from these institutions will be trained abroad in state-of-the-art scientific methods 
and technology for research and assessment in the field of bioenergy and environment. All 

efforts will be made to establish a bioenergy center at the Amman Biogas Plant with its own 
in-house, self-reliant capability to identify, design and generate bioenergy technology and 
plans for the Jordanian situation. This will include training in evaluation of new wastes as 
potential biogas sources for replicable projects, training in the synthesis of waste treatment 
strategies given different and variable waste availability and treatment requirements, and 
training in basic biogas plant dimensioning and design. 

All trainees who are sent abroad for diploma and degree training will sign the usual official 
contract to return to their jobs and undertake to work at least for twice the period of their 
training, but no less than two years. 

University of Jordan and the JBO as a Biogas Technology Training Center for the 

Middle East 

The biogas plant will, along with the UJ, become a center, the goal of which is the dissemina- 
tion of renewable bioenergy technology in the Middle East. In this capacity the UJ and JBO is 
charged with not only advisory scientific assessment of the plant and operation on the process 
microbiology side. but also with promotion of bioenergy education. In that respect the UJ 



personnel will be trained in Europe in state-of-the-art scientific methods and technology to1 

research and assessment in the field of bioenergy and environment. The overall aim is to Q 
ensure the establishment of a long term and sustainable capacity to identify, design and 

generate bioenergy technoiof 

This will include trainlng In evaluation of new waste streams for their potential as h g a s  
sources for replicable projects, training in synthesis of waste treatment strategies given 
different and variable waste availabilitv and treatment requirements, and training in basic 
biogas plant dimensioning and desigr 

In its role as a biogas research center, the UJ and the JBO will cooperate with the Takagas 
Center in Dar es Salaam established by the GEFIUNDP and DANIDA to promote biogas 
technology in East Africa. UJ and JBO will also be assisted in obtaining the ability to act as a 
training center for other organizations and institutions, including major waste suppliers 
interested in bioenergy teci .. 



ANNEX IV 
EQUIPMENT REQUIREMENT 

This Annex describes the details of the proposed biogas plant for treatment cf organic 
municipal and industrial waste in Jordan. It  includes the technical equipment for the plant. 
Further details will be added. upon completion of design pliase and following establishment of 

the identified two subcontracts. 

THE DEMONSTRATION BIOGAS PLANT IN AMMAN 

Desim Basis and Mas: s Flow 

ironmen 
I 

The quantities of organic waste available are described in the PRIF study "Env it and 

Use of Methane from Municipal Waste". From that, a selection is chosen to form tne optimal 
input for the demonstration plant. (The plant has a capacity of up to 60 tones a day, in the 
example below 5 1 tones are used). 

jle market 

restaurant 



Waste composition of the demonstration plant, *) including blood waste. As will appear from 
the previous sections, the 5 1 tones can easily be increased, e.g. if a 2000 mS reactor is /1 

chosen. 

From t 

Biogas 

:his inpu t, the er 

CU. 

rpected ( 

CH4 generated: 

Electricity output (3.3 kWhlm"H4) 

Internal use of electricity: 

Electric :ity for : sale: 15,; 

Generation equivalent: 0.72 MW 

An output of generation equivalent 1 MW can be accomplished at the biogas plant by f7 
increasing the reactor volume to ZOO0 m' or by changing the composition of feed so that the 
input contains more lipids. In this process 24,000 kWh/day can be available for sale. P 
reactor of 2,000 m3 forms the basis of budget calculations. 



System description of the biogas 
,-=- 

Transport and pre-sorting 
Waste will be transported to the plant, located at the same site as the current landfill, by the 
same trucks that normally deliver the waste to I the cur 

. - 1  _(--- 1 

rent lanc 

The industrial organic waste is, in general, co~~s~aered sufficientry rret: or rorelgn su~stances 

to be discharged directly into one of the three pre-storage tanks, dependent on the waste type, 

whereas household and market waste will contain small amounts of non-biodegradable and 

potentially contaminating matters, which will therefore require sorting. This will be carried 

out by discharging the waste on a concrete plate of 1,500 rn2 at the receiving station. From 

this place, the degradable waste is loaded into the receiving ta ereas the undesired 

residues are disposed of at the dump site. 

nks, wh 

are cha Isen beci trial wa: 

Pre-storage 
Three parallel pre-storage tanks, 300 m' each. ause some indus ste, such 

F as blood waste, is readily degraded with a high specific gas production compared with ordi- 
nary fruit and vegetable residues. Thus. the composition of the substrate to the digesters can 
be used for control of the gas production rate. A waste chopping system is included for 
maceration of the solid wastes. 

In the pre-storage tanks, the waste is diluted with re-circulated liquid from the digested 

matter. The tanks are equipped with mixers to ensure that the solid waste is dissolved into the 

logeneous slurr! tanks, with appr liquid 1 :o a horr in the , :ly 10-12% total solids ( TS) . 

Digesti ion reac 
From the pre-storage tanks, the slurry is dosed into the two digester tanks with an active 
volume of 75011000 m3 each. To pump the slurry eccentric screw pumps are used. In the 

digester, the biomass is heated to approximately 5S°C by heating coils. The necessary heat for 

the digesters is taken from the water cooling system of the gas engines. The digesters are 
completely stirred tank reactors with vertically mounted external mixers. 



At the top of each digester, a gas outlet and safety equipment are mounted to control the 
pressure in the digesters. -, 

Transport of Fertilizer 
The solid residue is loaded into tank containers and collected by trucks from farms or 
plantations where the fertilizer will be used. 

tias Uhuarruu 

From the top of each digester, the gas is led through pipes and drained for condensate. A gas 
blower maintains an appropriate gas pressure at approx. 0.1 kPa in the digesters, and the gas 
is then led to a small low-pressure gas storage, to equalize hour-to-hour variations in 
production and consumption. 

The gas will be fed into two gas engine generator sets, each of 500 kW electricity output. The 
generators are normally connected to the public grid, producing electricity both into the 
network and for the purpose of the plant (pumps, mixers etc.). In case of blackout of the 
public network, the plant is automatically disconnected and runs its own independent local 7 
networl 

Technical description of the elements 

Receiving station 
The receiving station consists of a plate of the in-situ cast steel reinforced concrete, approx. 
1500 m2. In the concrete plate, a groove equipped with a screw conveyer is used to feed the 
waste into the receiving tanks. When household waste is discharged on the concrete plate, the 
non-biodegradable obiects are removed and the rest is pushed into the groove. 



. 
Tanks 

P The tanks (pre-storage, digesters and the store for liquid) are made of in-situ cast steel 

reinforced concrete. The bottom of the tanks is approx. 1 meter below ground level. The con- 
crete is reinforced with 120 kg. steel per m' of concrete. 

Pre-storage 
The pre-storage tanks are equipped with mixers which are able to prouucc: a nun:ugeneous 

slurry from waste and re-circulated liquid. 

The mixers are mounted on the wall of the tank with the engine outside the tank. Nominal 
power consumption is approx. 50 kW. The mixers are controlled either manually or by a 
timer system, built into the switchboard. 

The pre-storage tanks are each equipped with 2 pipes 
circulated liquid and 1 pipe at the bottom to pump out 

at the to 

. the slu~ 
~p for ac 
'ry . 

lding wz lter and re- 

f- Digesters 
The digesters are equipped with a mixer on a vertical axis, with gas-tight sealed bearings at 

the top. The gear and engine are mounted outside the tank. Nominal Dower consum~tion is 
approx. 10 kM 

In the lower third of the digester's height, a coil of steel pipe is mounted inside the tanks. Hot 

water from the gas engine's cooling system is pumped through the tubes. A thermostatic 

controller starts and stops the pump according to heating requirements. 

The digesters are each equipped with 3 pipes: A gas outlet in the extreme  to^ position of the 
tank, an inlet at the top and an outlet at the bottom of the tank. 

lside the To monitor the state ir : digesters, each ~ped with two manometers on pipe 
stubs, one for the gas pressure mounted at the L U ~  ard one for detection of the liquid level 

mounted at the bottom 



Each digester is also equipped with 3 thermometer sleeves, one in the upper part and one in 

the lower part for thermometers, and the middle one for a temperature transmitter to control r7 
the heat added to the digester through the coil. 

Storage for liquid 
The tank is equipped with a submerged centrifugal pump. The pump is mounted on a guider 
rod, which makes it possible to inspect and repair the pump without emptying the tank. 
Power consumption is approx. 10 kW. The pump is controlled either manually or by a timer 
at the switchboard. 

The m ~k is equipped with an inlet pipe at the top and an outlet from the pump 

re-stora, 
- -. 

Pumps 
To pump the slurry from the p ge tanks to the digesters, and from the aigesten 
eccentric screw pumps are used. The pumps are controlled manuelly or by timers at the 
switchboard. 

,? 

Gas utilization ,.... 
The gas system consists of gas pipes, a gas blower, a gas washer, and a cooler, low pressure 
gas storage and the gas enginelgenerator unit. 

s blower . control led by p The ga! PI: luency regulator ~ressure transm~tters, 
mounted at the gas outlet of both digesters. The controller is built into the switchboard of the 
gas blower. 

leat excl The gas is cool langer, washed in a water spray and drained just before 
it is fed into the mower. The blower raises the pressure to 200 mbar and the gas is led to a 

gas storage tan1 

A gas flare is connected to the gas dome to ensure safe handling of unused gas. The gas flare 
is controlled by a top level switch at the gas dome. 



The gas engine/generator units are mounted with all necessary equipment for controlling etc. 
~4 as turn-key packages, prepared to be controlled either by the applied load when disconnected 

from the network or controlled by the available gas in the dome, when connected to the 

network. If the public network voltage drops beyond a certain limit, the network is 

automatically disconnected. The generator output is at 11 kV or more, and the internal power 
supply is made through a transformer. The unit is to be connected to an existing high voltage 
network. 

Operational routines and staff 
This section outlines the duties which have to bl j out by the staff in order to run the 

plant, and the necessary skills of the persons employes. 

Securit: 

Receiving of w 
To ensure propc arge of incoming waste and to sort out undesirable objects from the 
waste, 4 persons are required. In additi~ will be available for other tasks at the plant, 
including handling of fertilizer. 

P 
General maintenance 
To carry out the regular service and minor re~air work of mechanical equipment, 1 person IS 
employed. A skilled worker in rable. mechani 

on, they 

cs will t 

Security guards will be responsible for the safety of the plant premises. 
responsible for calling a standby technician in case of emergency situati 
facility could be shared with the landfill and the landfill gas facility. 

They w 
ons at tt 

rill also be 
ie plant. This 

I o manage tne overall operation ana aevelopment or p~ant and processes, a manager will be 
employed. The manager will be required to have experience and skills in planning and 

managing, and will be intensively trained during the first period of operation, in which the 
project still offers management support. During the first 2 years, the manager will be ensured 



The system will automatically collect and store the measuring results for flow temperature, 

P pressure, content of methane, carbon dioxide and oxygen. A security system is also connected 

to the system. 

The system is installed in an MPR-module which is an abbreviation of Measuring, Pump and 
Regulation system. A computerized monitoring system will prove too expensive for the 
present pilot project. Renting will be considered. 

Transmission gas pipe 

From the pump house, the gas flows into the gas transmission pipe under pressure. This pipe 
follows the internal road approx. 700 meters from the point of utilization. 

Utilization Plant 

The proposal is to utilize the gas in a power production plant placed together with the biogas 
plant fol- organic waste at the entrance of the landfill. 

The power plant unit consists of a gas engine linked to a generator which produces 500 kW of 
electricity. The utilization ratio of the energy supplied to the gas engine is approx. 32%. 

The engine will be equipped with an air cooling system. Unfortunately, there are no users for 
the waste heat in the vicinity, but if this should change in the future the heat can be supplied 
at a very affordable rate. 

The landfill gas is expected to produce 300-500 kW. During the implementation, attempts 
will be made to take advantage of this gas by feeding it to a separate 300 kW engine which 
would work alongside the two 500 kW gas engines operating on biofuel. 





ANNEX V 
Economy of the plant and assurance of replicability 

In accordance with the lation dc 

expenditure are evaluatea to ot. 

Annual expena. ,,. , 

Mainte 

Sundric 

Total 

nance: 2 

~ i c  evalu 
1. 

le cost o f investr nent US 

iogas ex perts the annual income and 

USD 75,W 

Income 
rC 

Sale of electricity 7.2 million k w h  at 4.7 cents =USD 338,000 

Gross profit USD 175,000 

Set aside for replicable projects U.SD .100,000 

Net profit USD 75,000 

In addition, income from the sale of fe 
(waste fertilizer) it will 
fertilizer is created. 

, howev !er, take 
rtilizer may be expected. As this is a new product 
at least 2 years before a market for this type of 



ASSURANCE OF REPLIC ABILITY 

(Demonstration Plant) 

The average production price of the proposed combined biogas - landfill plant is calculated to 
be US 5.6 centslkwh. This price is slightly higher than Jordan Electric Authority's (JEA) 
Long-Run Marginal Cost of generation (LRMC) of 4.7 US centslkwh. However, 
consideriro,-the environmental advantages associated with a project of this type (prevention of 
contamination of water basins, reduction of landfill disposal problems such as smells, vermin 
and disease spreading), it is foreseen that these beneficial externalities should over-weigh the 
extra production cost and the Government of Jordan will therefore promote the technology 
after all relevant barriers have been removed. Apart from that, it should be noted that if a 

larger plant is constructed or if the capacity of the current plant is expanded, then the capital 
cost (investment) per kW will be lower resulting in an average production cost for the plant 
which will likely fall below JEA's LRMC making this type of plant as cost recoverable as an 
avoided conventional fossil fuel plant. This is even excluding the possible profits earned 
through sale of residue fertilizer and of course the above mentioned environmental benefits. 
These factors considered would make replication all the more attractive. 
A detailed calculation of the plant's power production price is shown below. 

n 
Annual operation cost: Total $ US 163,000 

Electricity production: 

1000 kW x 8000 hours = 8,000,000 kwh 

Average generation cost: 

Annual investment cost (Annual capital charge): 

Investment per kW: 
2.5 million 1 1000 kW = $ US 

Amortizing over 15 years with 8% 

(discount rate): 
Annual Amortization Charge = 0.116 



r Annual capital cost per k\V: 
2500 $/kW x 0.116 = USD 290 per kW 

Electricity production per kW installed per annunz IS 8000 kwh. 

Capital charges will be: 
290 $/kW divided by 8000 kW/kWh = 3.6 cents per kwh 

Total production price: 
Annual operation cost 
Annual capital charge 

Total Price 

F 

2.0 cents per kwh 
3.6 cents per kwh 

5.6 cents per k w h  





ANNEX \ - 

Proposed Input to Joint-Venture Agreement to Estabh 
Electric Power Generating Organizat 

The two parties mentioned agree to enter into an agreement fc 
Hashemite Kingdom of Jordan as well as their mutual benefit, 

sh a Jor 
ion (JBI 

Ir the bc 

Biogas 

:nefit of tne 

Based 

The First Party to this agreement is the Greater Amman Municipality and the Second 

Party to this agreement is the Jordan Electricity Authority. A detailed description of the 
project can be found in the feasibility study dated 8-8-93 and the project brief by 
UNDP of April 96. 

Backgrouna: 

This agreement is established in tne rrarnework of the UNDP - clcr project: 

"Reduction of Methane Emissions and Utilization of Municipal Waste for Enc 
Amman" to enable the two parties to manage the activities in the above menti 

,- project thereby establishing a facility to generate electric power from methant 

produced and extracted from Municipal Solid Waste. 

nentionc :d project. 

:rgy In 
oned 

The purpose of the agreement is to clarify the division of Responsibilities, D 
Necessary Inputs and Division of Benefit between the above mentioned parties tor the 

duration of the above I 

uties, 
- .  

Responsibilities and Inputs: 

The first party, The Greater Amman Municipality (here-after referred to as GAM), 
will have the following responsibilities and duties (and will manage the following 
activities) as suuuort to JBO: 

Collection, and sorting of the Municipal sohd waste. 
Transportation of high organic waste to the Biogas reactor. 



Providing the Methane gas for combustion in the Gas engines. 
Management and sale of residu 

The GAM will provide the following inputs for project initiation: 
The site and location of project execution. 
Roads, fence and structural foundation for the biogas reactor. 
Preparation of site. Provision of necessary infrastructure. 

The Second Party, Jordan Electricity Authority (here-after referred to as JEA), will 
have the following Responsibilities and duties: 

Production or electric power from methane gas in gas engines. 
Managing and maintaining the connection of the plant to the national Power grid. 
Sale of excess electric power produced to tne public. 
Operate, maintain and manage tl r genera le powe sing faci ility. 

The JEA 
Supply t: 

will pn 
he grid ( 

wide tht 
zonnecti 

? followi 
on from 

ng inputs for project: 
the generators to the national power gri id. 

Cooperation during consrruction 

GAM and JEA will each appoint an officer as contact person during construction. The 
construction work is expected to be carried out on a turnkey basis with the contractor 
loing the detailed design and the construction. This contractor will be given the 
,esponsibility to guarantee the methane production and the obligation to use as much 

local companies as possible. The tender documents will be prepared jointly by GAM 
and JEA based on input from UNDP and the assistance of an external consultant on 
issues where JEA and GAM have no expertise. This consultant should also assist when 
needed during construction and commissioning. 

Both parties will jointly appoint a plant manager ,who will undertake the day to c 

management including employing the necessary staff for running the plant, 



maintenance and financial issues relating to the plant. The plant will run as an 

/- economic separate unit with an annual statement of income and expenditures. 

Financial issue 

The plant will generate income after commissioning from the sale of electricity and 
fertilizer. This income will be used for salary to the plant manager and plant staff, 
maintenance and other operation costs. The remaining income will be divided equally 
between GAM and JEA 

Replicable projects 

The generated surplus income, which is expected to be about USD 150,000 annually, 
will be invested by JEA and GAM in replicable projects and/or expansion of the 
demonstration plant. 

Disagreements 

r Any disagreement arising from this Joint-Venture agreement must be settled by the 
Minlstry of Planning which can consult with UNDP for clarification on issues relating 
to UNDP policy and strategy. 

Additions and changes to the Joint Venture Agreement 

Any addition and changes to the agreement must be approved by the Ministry of 
Planning and UNDP if the need for changes arises during project execution. 

Date 

........................................ 
Greater Amman Municipality 

...................................... 
Jordan Electricity Authority 





mYNEX V11 

Detailed budget estimate for equipment to be pr 

Biogas Plant 

2 reactor tanks, 1000 m' = 2000 m" 
2 mixer systems: 
Installation: 

Pipes, fittings and valve 

2 heating systems: 

Subtotal: 

2 storage tanks with lids. 300 m 
2 mixer systems 
Maceration systems 
Pipes and fittings 

r Subtotal 

I siecl storage tank 300 rn 

1 mixer system 

Pipes and fittings 

Installati 

Subtotal: 

I storage tank for digested material, 200- 
! mixer systems: 
1 lid for storage 
1 gas system 

Dipes and fitting 
:nstallati 

Subtotal 



Pumps 

Valves 

Pipes, valves and fittings 

Installation 

Unforeseen expenses 

Subtotal: 

Gas System 

Gas blower 
Valves and measurement equipment 
Flare and gas 
Pipes and installation 

Subtotal: 

Heating System 
Pumps 

Pipes, fittings and valves 
Sensors and measurement equipment 

Installation 

Subtotal: 

Laboratory equipment 
Monitoring and regulation system 

Drawings, projecting and conducting 

Subtotal: 

Total, Biogas plant: 1,760,000 



. 
Power Generation System 

F 

2 Gas engines 2 x 500 kW = 1 MW 

Subtotal: 

Total, Power Generation System: 7r -1,000 

Landfill Gas System 

Extraction System 

10 wells 
Pipes and fittings 

Subtotal: 

Pump Contain 

Container with pump, coiling and 
manual regulation fittings 

Gas Transmission pipe 

1000 m pipeline 

Projecting/Conducting 

Projecting, conducting, travel 

Total, Landfill Gas System: ~zu,OOO 



ANNEX VIII 
Terms of Reference for the 4dministrative Director 

The overall implementation of the project will be overseen by an Administrative Director who 
will be appointed by the Government in consultation with UNDP. , 

The Admiqistrative Director will be charged with coordinating and acquiring informaticn from the 
task managers associated with different tasks within the informationlcapacity component of the 
project and the plant construction/operation component of the project. The Administrative 

Director will organize the acquired information so that it is made readily available to the 
responsible task managers who need to coordinate their activities with those of other project tasks. 
Moreover, the Administrative Director will bring together a quarterly progress report based on the 
information acquired from the different project tasks. This report will be sent to the UNDP, the 
Ministry of Planning and the Regional GEF Coordinator in New York. 

In matters concerning the capacity and information component of the project the 
Administrative Director will coordinate with and report to the SCC. On the other hand. in 
matters concerning the operation and constructior, of the biogas plant the Administrative 

/-- Director will coordinate with and report to the plant manager 





r Terms of Refel 

Qualifications 

rence 
ANNEX IX 

! Proje 

University level degree in an area related to bio-meth, 

and analysis of micro-biological (especially aerobic) 

iation 

n proces 

S .  

11 tan t 

'or the design 

The consultant will have worked extensively (at least 10 years experience) with anaerobic 
process and landfilling technology which includes experience with the production of methane 
gas. 

The consultant will also have experience with waste management issues. Knowledge of 
handling, treatment, collection and separation of the waste is important for the consultant to 
be able to perform hislher duties fully. 

Specifically the consultant will have experience within: 

./--- *microbiology 

* biomass evaluation and energy potential 
* process description and process inhibition 
* dimensioning 
* parameters of regulation 
* reactor design and choice of design 
* controlled and sanitary landfilling 
* waste management 
* operations of biogas plants and landfilling operations that generate methane gas. 

The consultant will have experience with work of a long duration in developing countries and 

should be familiar with the common problems of project initiation in relevant settings. 

Tasks: 

,A .  Work in close cooperation with the SCC to initiate the project. 
B. Prepare a detailed inception report. 



C. Develop and start the implementation of a detailed work plan for the project. 
s 

D. Assist in the selection of the project's Administrative Director (together with the ,? 

Government Executing Agency and UNDP) 
E. Advise the Government and UNDP on project implementation. 
F. Prepare job descriptions for all senior Government staff to be assigned to the project. 
G. Prepare tender documents for plant design and training packages 
H. Finalize the framework of JBO and assist .rting its functio 
I. Manage the project on a day-to day basis 111 LIIL lllitiation ~eriod. 
J. Undertake regional and global contacts and communicatic 

the project. 
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The assignment for this consultancy is for a duration of 6 consecutive months at project start- 

up. 





ANNEX X 
CALCI IN OF 11 JLATIO 

Broad Developmental Goals 

ordan 's 
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With a growing economy, J demand for t :y increased rapidly. 
ver, with the recent peace accol itments are rapia~y increasing, and the demand 

for power is increasing accordingly. As the tourism and hotel infrastructure expands, not 
only will the demand for power grow, but also the streams of municipal solid waste. 

2. In view of Jordan's limited indigenous resources of energy, Jordan takes renewable 
energy activities very seriously. Active investment and experimentation have therefore been 
done in the wind and solar fields, but the initial investments and the price of the electricity 
produced have been too expensive and not competitive. 

Baseline 

Jordan, and especially Amman. has experienced a rapid population growth (Jordan's 
present population growth is 3.5 % annually) during the last five years. This has partly been 
caused by natural population increase, partly by the return of many expatriates during the 
Kuwait invasion and partly caused by the boom which is being created by the peace accord. - Amman is thus growing at a rate of nearly 5% annually. Zerqa, including its suburbs to the 
north-east of Amman is experiencing a similar growth and expansion rate. The municipalities 
of Amman and Zerqa share the same municipal landfill. Annual MSW collections amount to 
over 0.7 million tones of MSW (approximately 1,900 tones daily). At the present growth 
rates, by year 2,000 waste collection in the two urban areas will exceed 2,300 tones daily. 
Based on an estimated annual emission of CHI and C02 in Jordan of 120,000 tones (166 
million m3) and 12 million tones respectively, the implementation of biogas and landfill gas 
technology in Jordan has the potential of a reduction of the total CHJ emission by 33.4 % and 
of the total C02 emission by 2.;'" 
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5. The electricity demand increased in 1995 by over 10.5% compared to 1994 figures 
and the rise has been steady. Based on projections, it is envisaged that electricity demand in 
the year 2000 would be at least 60% higher than in 1995. 

f-7 

Global Environmental Objective 

6. The global environmental objective being pursued is the reduction of GHG emissions 
through this demonstration project by (i) capturing of GHG emissions from an established 
landfill, (ii)  further reducing future landfill emissions, by introducing a biogas reactor system 
which will capture parts of the biodegradable waste that would otherwise have gone to the 
landfill and (iii) providing an alternative energy source to carbon based fuels in the form of 
methane gas produced from the combined landfilllbiogas reactor system. 

7. As such, this project has been designed to correspond to GEF Climate Change 
Operational Programme #6: "Promoting the Adoption of Renewable Energy by 
Removing Barriers and Reducing Implementation Costs". 

GEF Alternative 

8. As described in the GEF Project Brief, endorsed by the GEF Executive Council in 
April 1996, the different Objectives of the project will all focus on removing different 
barriers to the effective introduction, adoption and replication of this type of renewable 
energy source. The Feasibility Study carried out for the preparation of the present project 
confirmed the technical feasibility (waste streams, human and resource cavacitv, MSW 
handling and operation, landfill management, competitive pri :nt I- 

demonstration conditions, existence of interested investment partn ity 
interest) of the present project. 
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main barriers have thus been identif ) be overcome to 
successfully introduce this technology in the Jordan ana suo-regional semng. Objective 1 of 
the project addresses the technology barrier. In Jordan, there is an urgent need to establish 
the demonstration plant as the actual "seeing is believing" is probably the most important 
barrier to be overcome among policy makers, investors and technicians. An operational 
biogas plant would provide an excellent spring-board for subsequent investments in the sub- 
region. In view of the key role which Jordan is already beginning to play in the sub-region 
following the peace accord, this is indeed a most significant contribution which the GEF will 
be making. Jordan is the ideal location for this demonstration plant in view of its excellent 
municipal waste collection and management systems. However, in view of the enormous 
waste and energy problems which are presently facing the Palestinian territories, Lebanon in 
the sub-region as well as Egypt, Tunisia and Morocco in the Arab world, this plant has an 
enormous capacity for being the main catalyst which could lead to subsequent repeater 
investments in other countries. 

10. 'Objective 2 of the project addresses the capacity barrier which the country is currently 
facing. While Jordan is a country with very highly educated and dedicated technicians at the 

n 



graduate and postgraduate levels, these is not in Jordan at present an experience or full 
understanding among technicians of the possibilities offered by the bioenergy option. This is 
largely due to lack of exposure to the technology and the present project has been designed 
specifically to help overcome this barrier. This will enable Jordan to become a center of 
knowledge in this field, with active outleach and demonstration capacity not only to investors 
based in Jordan also to investors from the countries in the subregion which are also 
dependent on oil imports. 

11. Objective 3 of the project addresses Information Barriers: lack of information on 
technology, lack of data on in-country biogas potential and need to strengthen popular 
involvement in household-based MSW management issues. Activities under this objective 
have been designed specifically to meet and help overcome these barriers. 

12. There are significant global benefits to be achieved as a result of this project. 
Calculations shown in Annex 4 of the Project Brief demonstrate that there is a potential GHG 
reduction of 382,400 tones of C& which can be avoided based on a 10-year scenario. If a 
subsequent follow-on investment were projected the GHG emission reduction scenario would 
be clearly be even more attractive. 

Costs 

13. The costs of this project are estimated to be $ 5.319 million, of which $ 2.5 is being 
requested from GEF. The Jordanian government has agreed to provide a cash contribution of 
$700,000 to ensure the grid connection and $ 619,000 equivalent. In addition, the UNDP is 
in discussion with the Government of Denmark and UNDP has received a commitment o f a  
grant of $ 1.5 million for this project. 

14. A detailed Indicative Budget which includes an Incremental Cost summary follows. 



Indicative Budget and Incremental Cost Summary 
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SC. I01 
100) I (SO cremenlal Component 

1. Information and 
wtreach 
1.1 Study of MSW In 
MGA: quantity. 
constituenls. dumping, 
disposal 6 segregation. 
1.2 Eslimale emissions 6 
impact from present 
MSW. 
I .3 Introduce 6 
implement methods of 
handling. 
1.4 Finalize designs to 
utilize MSW as an energy 
source in MGA. 
1.5 Inform policy makers. 
Intellectuals 6 media on 
technological choices 
available in Jordan for 
energy from hydrocarbon 
a'lernatives. 
1.6 lnvolvernent of NG0s 
In outreach work. 

QEF Contribution 
0lh:)r Contribution 

- 

Stan Costs 
($000) 

10 

10 

10 

0 

45 

40 

115 
0 

115 

Sub- 
contracts 
($000) 

40 

20 

40 

40 

0 

20 

160 
0 

160 

Equipment 
Costs ($000) 

0 

0 

0 

0 

0 

0 

0 
0 

0 

Training 
($000) 

0 

0 

20 

0 

0 

0 

20 
0 

20 

How will Replication be 
assured? 

Detailed knowledge on 
MSW constituents and 
disposal in Jordan will 
allow for planning of 
further downstream 
investment in the biogas 
held. 

An informed public as 
well as policy makers will 
faciliiate greater 
receptivily to this new 
form of energy. 

Mi! - la1 Costs 
($I 00) 

Tr~nsaction Barrier 

Lack of info.. scienlific 
skills and experience wilh 
advanced bioenergy 
lechniques 
Lack of Master Plan for 
Bioenergy in Jordan 0 

0 

0 

0 

0 

0 

0 
0 

0 

Likely In1 
Costs 

Posilive 

50 

30 

70 

40 

45 

60 

295 
0 

295 



, 

2. Trainina and technical 
uwradinq 
2.1 Training of 
technicians in lechnical 
choices 6 possibililies 
of bioenergy. 
2.2 Upgrading of capacity 
at MGA, JEA 6 JBC 
personnel re. know-how. 
2.3 Establish twinning 
arrangements bet. UJ 
and bioenergy 
specialists 

GEF Contribulion 
Other Contribution 

50 

40 

10 

100 
0 

100 

50 

40 

10 

90 
0 

90 

0 

10 

40 

50 
0 

50 

160 

40 

30 

230 
0 

230 

25 

10 

10 

45 
0 

45 

305 

140 

70 

515 
0 

515 

Lack of technical know- 
how for bioenergy design 
and operation 
Lack of replication ability. 

Positive The existence of well- 
trained lechnical cadres 
and managers as well as 
decision-makers will 
facililate the commercial 
replication of the 
technology. 



3. Demonstralion ~ lan t  
3.1 Construction 6 start- 
up of combined planl. 
3.2 Preparation of 
delailed plan for 
collection 6 transport 
of MSW. 
3.3 Optimize composilion 
of waste 6 
elaborate on plan , 

collection of wasle. 3.4 
Preparation of master 
plan for bioenergy iR 
Jordan. 
3.5 Establish small 
outreach :enter. 
3.6 Design least cost 
future investmenl 
program for 
utilization of MSW as an 
energy source. 

GEF Contribution 
Other Contribution 

SLIhq 

Total GEF 

Total Other 
Grand Total 
Jordan's conlributlon 
(Grid Connection only) 

310 

0 

0 

0 

25 

0 

335 
0 

335 

550 

0 
550 

0 

40 

40 

40 

0 

50 

0 
170 

170 

250 

1 70 
420 

2500 

0 

0 

0 

10 

0 

1180 
1330 

2510 

1230 

1330 
2560 
700 

160 

0 

0 

0 

10 

0 

170 
0 

170 

420 

0 
420 

0 

0 

0 

0 

5 

0 

5 
0 

5 

50 

0 
50 

2970 

40 

40 

40 

50 

50 

1690 
1500 

3190 

2500 

1500 
4000 
700 

Lack d abllily lo create 
demonstration facility 
which will enable 
subsequent duplication 
Lack of investor 
confidence without demo 
planl. 

Positive See Annex V 
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arriers to thc 
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GEF INCREMENTAL COST MATRIX 
Componeut 

Component 1: Information and 
outrerzh. 

Component 2: Training and 
technical upgrading 

Component 3: Demonstration Plant 

Totals 

Domestic Bcnefit 

Continued lack o f  popular involvement i n  issues 
pertaining to waste management and continued lack of 
understanding for potential of  MSW i n  power generation. 
Extensive outreach to population and policy makers on 
issues pertaining to MSW and its potential as a renewable 
source o f  energy. 
Extensive outreach to population and policy makers on 
issues pertaining to MSW and its potential as a renewable 
source of  energy. 
Continued lack o f  know-how on design and management 
of  biogas technology and a continued lack involvement o f  
the scientific community i n  field o f  bioenergy. 

The creation o f  a strong national capacity in MGA, UJ 
and J I 3 .  Moreover. the creation of a strong and able 
institution (JBO) capnhlc o f  advancing bioenergy . 
'The crea~ion o f  a strong national capacityk MGA. UJ 
and J M .  Morccwer, the creation of  a strong and able 
institution (JBO) capable o f  advancing bioenergy 
Continued demand for the denionstration of  biogas 
tcchnology as s viahlc and sustai~~ahle soirce of energy. 

Demonstration of  a technology that potentially over the 
long term could substitute expensive imported fossil fuel 
wirh a sustainable local energy resource. This technology 
would also resolve growing solid waste disposal 
prohlems, would reduce contamination o f  ground water 
basins and would supply the country wit11 valuable soil 
conditioner. 
' f ie  erection or a I MW demonstration plant utilizing 
MSW for prcduction and extraction of methane gas to be 
used Bs fuel i n  a gas engine. 

RI : adoption of  hiofuel from 
landlllllng and hiomcthenization as a sustainable local 
sources o f  energy i n  Jordan.. 

Cost 
Category 
Baseline 

Project 

Increment 

Baseline 

Pmjec 

Increment 

Baseline 

Project 

Increment 

Baseline 
Project 
Increment ' 

Global Environmental Benefit 

Continued dismissal of  biomethanization and landfill extraction 
o f  MSW as a potential source o f  renewable energy by both the 
population and policy makers i n  Jordan. 
An informed and aware population and decision makers on 
issues pertaining to the potential o f  MSW as a biofuel. 

A n  informed and aware population and decision makers on 
issues pertaining to the potential o f  MSW as a biofuel. 

Continued lack o f  ability to design, implement and manage 
biogas technology and estimate its potential. Further, 
continued limited involvement o f  scientific community i n  
Jordan in this field. 
The existence o f  a capable cadres, trained i n  technical and 
managerial issues, will ensure that the technology and the 
accompanying global benefits are sustainable and replicable. 
The existence o f  a capable cadres. trained i n  technical and 
managerial issues. will ensure that the technology and the 
accompanying global benefits are sustainable and replicable. 
Continued and growing dependency on imported fossil fuels 
foe generation o f  ciectricity. Moreover. emissions from MSW 
would continue to grow without any prospects o f  controlling 
this growth. 
A reduction of  382,400 tons o f  C02  by the tenth year of plant 
operation. Replication could potentially achieve a reduction of 
0.5 million tons o f  CO2 annually from landfill and biogas 
technology. This figure would increase drastically when the 
impact of  fuel substitution is taken into account. 

A reduction of  382,400 tons o f  CO2 by the tenth year o f  plant 
operation followed by 38,240 tons of CClZ equivalent per 
additional year o f  plant operation. 

1s of  C02  by the tenth year o f  plant operation and 
38,240 tons of C02  equivalent per additional year. Replication 
could achieve a reduction of  0.5 million tons o f  CO2 annually 
from the same technology. ' Ih is  figure would increase 
drastically i f  impact of fuel substitution is taken into account. 

Cost 
(US$) 

0 

LISS295,000 

1JS S 295,000 
(GI37 

0 

USSS 15.000 

IJSS5 15.000 
(GI13 

USS700.OOO 
(in-cash) 

USS619.000 (in- 
kind) 

USS3.190.000 
(Gll: and 
DANIDA) 

1JSSI,690,000 
(GEF) 
US!31.500,000 
(Denmark) 
USSI .3 19.000 
USS5.319.000 
USS4.000.000 
(2.500.000-GEF) 
(1,500,000-DEN) 
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. . H.E. Osman Hrshim 
Resident Reprcscntmtive - i UNDP -+ Amman, Jordan 
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Excellency, 

Sllbicct. Rchrcrion of Methane Ern:>i@ns and Utilization . -.- 
oiMumcipal W~stes for @!err\. in @~_npt,t 

I wish to refer to tile above GEF project proposal and to itcmtc the 
unprtrmcc of this pro-iect to the Govtrnmcnt of Jordan in protecting the plobal 
ct~vironnle~il and would the!-cforu nppt'cciote your kind acsistnncc in securing 
GEF funding for this vital project. 

Also, 1 would appreciate your assistmrcc In submitting this proposal to the 
OEF Executive Council ;or favoreblc review and considcrrrtion for funding 
d u ~ i n g  h e  first a~:aor second trcurclres. 

Thatlkirrp. you for your cooperation in this maner. 5Li 

Sincerely yours, i 

h.linirtcr of Planning 




