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Abstract— Biogas is an untapped potential regarding to an 

alternative energy source. This immediately available resource 

will allow countries to reduce their greenhouse gas emissions, 

energy consumption, and reliance on fossil fuels. This energy 

source is created by anaerobic digestion (AD) of feedstock. 

Sources for feedstock include organic waste, agricultural waste, 

and animal waste, which renewable energy source available in 

El-Beida city. A fuelcell, specifically, can utilize the methane 

that is present in biogas, using integrated hydrogen, heat, and 

power systems (CHHP). The current study focuses on energy 

flow and resource availability to ascertain the type and source 

of feedstock to run a fuel cell system unceasingly while 

maintaining maximum capacity. After completion this study 

and estimation of locally available fuel, the fuelcell Energy of a 

molten carbonate fuelcell (MCFC) 4000TM unit was chosen by 

the researches to be used on the campus of Omar Al-Mukhtar 

University. This particular fuelcell provides electric power, 

thermal energy to heat the anaerobic digester, hydrogen for 

transportation, auxiliary power to the campus, and many 

possibilities for more applications.  

Keywords— Methane, MCFC, Feedstock, Organic waste, 

CHHP, El-Beida 

I. INTRODUCTION  

Omar Al-Mukhtar University campus in El-Beida, Libya is 

the fourth largest campus in Libya with 1.9 km
2
 and 

approximately 7000 students. The university is one of El-

Beida’s largest electric power consumers with a peak demand 

of 13.78 MWe and annual electric energy consumption of 

5.53 × 10
6
 kWh/yr. Currently, electrical power of the 

university campus is purchased from General Electricity 

Company of Libya (GECOL) and distributed from the 

substation and switchgear located at the campus power plant.  

Biogas produced by anaerobic digestion of wastewater, 

organic waste, agricultural waste, animal waste, and 

industrial waste is a potential source of renewable energy. 

Treated biogas can be used to generate CHHP, using a 

MCFC. This paper investigates the use of a CHHP system at 

Omar Al-Mukhtar campus .The power generated by the 

CHHP system is used at various locations on the campus to 

reduce the total electric power purchased and minimizes air 

pollution to benefit overall community health [1–4]. 

Furthermore, the CHHP system has higher efficiency than 

other distributed generation plants of similar size [5, 6]. 

The hydrogen generated is used to power different 

applications on the university campus, including personal 

transportation, backing power, portable power, and 

mobility/utility applications. Local available feedstocks near 

Omar Al-Mukhtar campus that can be used for biogas 

production were identified [7–9]. An energy flow and 

resource availability study was performed to identify the type 

and source of feedstock required to continuously run the 

CHHP system to produce maximum capacity of electricity, 

heat recovery, and hydrogen [3]. 

II. DFC TECHNOLOGY STATUS 

Fuel Cell Energy offers four DFC products; the DFC 300 

TM, DFC 1500 
TM

, DFC 3000 
TM

, and DFC 4000 
TM

, which 

are 300 kW, 1.4 MW, 2.8 MW, and 3.7 MW, power plants, 

respectively. DFC uses the same 300 kW baseline MCFC 

stack. The DFC 300 
TM

 consists of a single stack, the DFC 

1500 
TM

 consists of four stacks in a module, the DFC 3000 
TM

 

consists of two four-stack modules, and the DFC 4000 
TM

 

consists of third four-stack modules.  

 

 
TABLE I.  PUGH CHART FOR FEEDSTOCK 

Key Criteria 
Weig

ht 
MSW 

FW in 

OMU 

campus 

Animal 

waste 

Grape 

skin 

Waste 

water 

Availability 4 4 1 4 1 4 

Ease of 
collection 

4 4 4 2 3 4 

Ease of digestion 4 3 3 4 4 3 

Energy value 4 3 3 4 3 2 

Total 56 44 56 44 52 
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Fig. 1.  Flow diagram for digester and biogas production[1]. 

The DFC 1500 
TM

 matches up well with the needs of 1400 

homes, the DFC 3000 
TM

 matches up well with the needs of 

2800 homes, and the DFC 4000 
TM

 matches up well with the 

needs of approximately 3700 homes, a wastewater treatment 

plant, or a food processing facility where methane produced 

by anaerobic digestion can be efficiently utilized to produce 

electricity 

The fuel consumption requirement from natural gas (at 

930 Btu/ft
3
) of the DFC 300 

TM
, DFC 1500 

TM
, DFC 3000

TM
, 

and DFC 4000
TM

 are 39 scfm, 181 scfm, 362 scfm, and 383 

scfm respectively. The DFC technology offers higher net 

electrical efficiency and a cleaner exhaust stream when 

operating on biogas from an anaerobic digester than any 

competing conventional technology such as reciprocating 

engines or gas turbines. The DFC systems also have a good 

heat-to-power ratio for support of digester operations [11-16]. 

III. RESOURCE ASSESSMENT AND ENERGY CONVERSIONS   

A. Feedstock source identification 

During the assessment, “locally available feedstock” was 
defined as one within 10 km of El-Beida. The largest source 

of local available feedstock is municipal solid waste (MSW), 
averaging 115 tons/day. Of this, approximately 59 % is 
organic waste including 30 % food waste [10, 17-20]. The 
campus plans to colleague with the city of El-Beida and will 
start an “Organic Waste Collection Program” to collect 
organic waste. Currently, the city offers residential curbside 
collection of recyclable materials at no Free of charge cost. 
The second largest local resource is the animal waste.  

Potential feedstock from the campus includes food waste 
and sanitary sewer. Food waste collected daily is mixed with 
the trash and the sanitary sewer, connected to the city’s main 
sewer lines. A Pugh chart is created to compare different 
feedstocks (shown in Table I). 

 Methods for feedstock collection, transportation, and 
storage were also identified that (tabulated in Table II 
Feedstock) except waste water that will be stored on campus 
at the feedstock storage facility (Facility I) and will undergo 
anaerobic digestion at this location. Collection and anaerobic 
digestion of waste water will be off-campus at the treatment 
plant (Facility II). 

TABLE II.  FEEDSTOCK AVAILABILITY, COLLECTION,   TRANSPORTATION AND STORAGE

Type of 

feedstock 
Source 

Collection 

Transportation Storage 

Frequency Collection point 

MSW AlBeida MSW daily 
organic waste 

collection 

program 

trash truck MSW 

Food waste University courts daily food court pickup truck Food waste 

Animal waste Animal farm weekly animal hangars trailer truck Animal waste 

Grape skin 
Vineyards and 

juice factories 
seasonal 

vineyards or juice 

factories 
semi-trailer Grape skin 

Waste water 
SE wastewater 

Treatment Plant 
daily delivered at site used at facility Waste water 

R
ec

y
cl

e 
w

at
er

 

Feedstock material 

Anaerobic digester 

Separator  

Biogas storage vessel 

PSA unit 

CHHP fuel cell unit DFC® 4000 TM Storage tank 
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TABLE III.  ENERGY CONVERSIONS AT EACH POTENTIAL FACILITY 

Facility Type of feedstock Quantity 
Gas production / 

quantity 

Equivalent methane 

productionc 

m3/h 

I 

MSW 57.67 tons/dayb 0.22 m3/kg ODSd 528.6 

Animal waste 4.6 tons/dayb 0.62 m3/kg ODSd 118.8 

Food waste 0.41 tons/dayb 240 m3/t FMe 4.1 

Grape skin 

 tons/dayb1.5 

0.365m3/kg ODSd 22.8 

(Aug-Oct) 

Sub total 674.3 

II Waste water 50,000  m3/day 
2 m3/h biogas gas per 

0.455 m3 
71.5a 

 

a Assuming biogas yield consist of 60% methane by volume and 90% methane recovery from the PSA unit. 
b With 85% collection rate. 
c Annual average. 
d Methane yield 
e Biogas yield 

Organic Dry Solid (ODS). 

Fresh Matter (FM). 
 

. 

B. Energy conversations 

After identifying the amount of feed stocks that are 

available locally, we estimated the amount of fuel that can be 

generated, using anaerobic digestion. Fig. 1 illustrates the 

production of methane from the feedstocks using an 

anaerobic digester. This process utilizes a new technology 

which combines the separation of acid gases into a single 

pressure swing adsorption (PSA) unit. By combing these 

steps, this technology reduces capital and operating costs [21, 

22]. It is assumed that the biogas produced from the digester 

will contain a minimum of 60% methane and the combined 

PSA unit has a 90% methane recovery rate. The quantity of 

locally available feedstocks and the estimated fuel production 

at each facility is tabulated in Table III 

IV. HEAT RECOVERY AND ELECTRIC POWER USAGE 

The heat energy available for recovery from the DFC4000
TM

 

unit working in the CHHP mode is relatively lower than the 

DFC4000
TM

 unit working in the combined heat and power 

(CHP) mode. This is due to the losses associated with the 

hydrogen recovery. Heat is recovered from the fuel cell 

exhaust gas using an air to water heat exchanger and will be 

transported to various locations as hot water. The electric 

power generated by the fuel cells will be the primarily power 

source for the future Green Hotel and will also be distributed 

to the university campus [1, 23– 26]. 

 

 

  
 

 

Fig. 2. Dirct fuel cell DFC4000TM[2]. 
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TABLE IV.  THERMAL ENERGY AVAILABLE FOR HEAT RECOVERY FROM THE DFC4000TM CHHP SYSTEM

Gas 
Cathode exhaust 

(kmol/min) 

Mass flow rate 

(kg/h) 

Cp  

(kJ/kg.K) 

ΔT 

(K) 

Q 

flow rate 

(MJ/h) 

H2 0.054 6.41 14.32 322 29.6 

CO2 0.414 451.95 0.84 322 122.2 

O2 0.207 347.56 0.92 322 103 

N2 2.597 4,985.1 1.04 322 1,669.4 

Total 5,791.02  1,924.2 

 

V. THE HEAT RECOVERY SYSTEM USE 

The DFC4000
TM

 unit has 4GJ/h at 49°C available for 

heat recovery while operating in CHP mode. However, the 

recoverable heat from a DFC4000
TM

 unit operating in CHHP 

mode is considerably lower than compared to the operating 

in CHP mode. This is due to the cooling of anode outlet gas, 

removal of water vapor, hydrogen recovery, and lower flow 

rate of the exhaust gases. The thermal energy available for 

heat recovery was calculated based on the cathode exhaust 

gas composition and equation (1) is shown in Table IV. The 

temperature difference of the input and output temperature 

of the heat recovery system is approximately 322 °C. 

Q = m × CP (ΔT) 

Where m, CP and ΔT are the mass flow rate of the gas 

(kg/h), the specific heat of the gas (kJ/kg.K) and the change 

in temperature of the gas (K) respectively. 

The low thermal energy from the DFC4000TM unit can 
be attributed to the low flow rate of the exhaust gases when 
compared to the DFC4000

TM
 in CHP cycle. Two components 

in the system that require heat energy are (i) Hygienization 
unit and (ii) anaerobic digester. Hygienization of feedstock 
prevents pathogens from entering the digester and 
maintaining optimum temperature inside the anaerobic 
digester ensures maximum biogas production. The mass of 
the feedstock and digester sludge that need to be heated are 
36×10

3
kg/day and 12×10

6
kg/day, respectively [27]. The heat 

loads for the two components were calculated and are 
tabulated in Table V. The temperature of feedstock was 
assumed to be 20°C. The digester is heated to 40°C during its 
initial fill and is assumed to lose 1°C on average every hour 
due to environmental losses. Table V shows that the total 
load for these two systems is greater than the recoverable 
heat.  Therefore, additional thermal load requirement will be 
met using an external natural gas heater [28]. 

VI. RESULTS 

 The equivalent methane production from feedstocks at 

Facility I after biogas treatment is estimated to be 674.3 m
3
/h. 

At this fuel production rate, this quantity has the capability to 

run one DFC4000
TM

 unit continuously as shown in fig. 2. 

However, based on the Pugh chart, the researchers have 

decided not to use grape skin as feedstocks since it is not 

available all the season. Hence, it is anticipated that Facility I 

will only have 651.5 m
3
/h of fuel production and the 

capability to provide fuel for one DFC4000
TM

 unit. In 

addition, the Fuel Consumption of DFC4000
TM

 from 

methane is 651.1 m
3
/h. The qualitative analysis of the 

methane yields of various feedstock types (81.14%) MSW as 

the primary component, followed by animal waste (18.23%) 

and food waste from the campus (0.63%) as illustrated in 

fig.3   

TABLE V.  THERMAL LOAD OF THE SYSTEM 

Thermal load 
Mass flow 

rate (kg/h) 

Cp  

(kJ/kg*K) 

ΔT  

(K) 

Q 

flow rate 

(MJ/h) 

Hygienization unit 1,500 2.3 50 172.5 

Anaerobic digester 500,000 4.2 1 2,100 

Total 2,272.5 
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Fig. 3. Methane percentage of various feedstock types. 

VII. SCOPE OF FUTURE WORK 

Investigate the use of CHHP system at Omar AL-

Mukhtar University campus. In topic I, study of (CHHP) 

system based on a molten carbonate fuelcell fed by biogas 

produced by anaerobic digestion, Process and flow during 

the biogas treatment, and use DFC4000
TM

 fuelcell power 

plant. In topic II, we will study hydrogen recovery, 

cleaning, compression, storage, dispensing, and 

distribution system on university campus from CHHP 

system and study economic benefits of the system in 

operation. In topic III, the researchers use hydrogen 

production from CHHP system by using local resources 

and Utilization of hydrogen production. 

VIII. CONCULTION 

 This paper provides the feedstock analysis and design 

of combined heat, power, and hydrogen systems to be 

used at a university campus. An energy flow and resource 

foavailability study was perrmed to identify the type and 

source of locally available feedstock, required to 

continuously run the fuelcell system at peak capacity. It 

has been found that the anticipated methane production 

after biogas treatment is 674.1 m
3
/h with a heat content of 

37 MJ/m
3
. Following the resource assessment study, a 

Fuel Cell Energy DFC4000TM unit was selected for 

which the local resources can provide 100% of the fuel 

requirements. The CHHP system provides electricity to 

power the university campus, thermal energy for heating 

the AD, and hydrogen for transportation, back-up power 

and other needs. 
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