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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 142 (2017) 1749–1758

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
 Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy .
10.1016/j.egypro.2017.12.559

10.1016/j.egypro.2017.12.559 1876-6102

 

Available online at www.sciencedirect.com 

ScienceDirect	
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.  

9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK 

A polygeneration process for heat, power and DME production by 
integrating gasification with CHP plant: Modelling and simulation study 

Chaudhary Awais Salmana,*, Muhammad Naqvia, Eva Thorina, Jinyue Yana,b 
a School of Business, Society and Engineering, Mälardalen University, PO Box 883, SE-721 23 Västerås, Sweden 

b School of Chemical Science and Engineering, Royal Institute of Technology, SE 100 44 Stockholm, Sweden 

Abstract 

Biofuels are a good substitute for the transport sector petroleum fuels to minimize carbon footprint and greenhouse 
gases emissions. Di-Methyl Ether (DME) is one such alternative with properties similar to liquefied petroleum gas 
but with lower SOx, NOx, and particulate emissions. In this work, a polygeneration process, integrating an existing 
combined heat and power (CHP) plant with biomass gasification to synthesize DME, is proposed and modelled . 
Process integration is based on a hypothesis that the CHP plant provides the necessary heat to run the co-located 
gasification plant for DME synthesis and the waste heat from the gasification process is recovered and transferred to 
the CHP plant. The feed for gasification is taken as refuse derived fuel (RDF) instead of conventional wood derived 
biomass. The process integration leads to higher overall combined efficiency (up to 71%) which is greater than stand-
alone efficiencies (up to 63%) but lower than stand-alone CHP plant efficiency (73.2%). The further technical 
evaluation shows that the efficiency of the polygeneration process is depends heavily on the gasifier capacity 
integrated with the existing CHP plant and also on the conversion route selected for DME synthesis i.e. recycling of 
unconverted syngas to the DME reactor or transferring it to the boiler of the CHP plant. The simulation results also 
indicate that once-through conversion yields less DME than recycling, but at the same time, once-through conversion 
affects the district heat and electric power production of the CHP plant lesser than by using the recycling route. 
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1. Introduction 

The use of biofuels, especially in the transportation sector, can reduce the CO2 and greenhouse gas emissions. In 
Europe, the fossil fuels in transportation sector account for 21% of greenhouse gases, and use of biofuels can 
significantly reduce these emissions [1]. One of the alternatives for fossil fuel is Di-Methyl Ether (DME). DME has 
properties similar to liquefied petroleum gas (LPG) and can be synthesized from both conventional and renewable 
feedstocks e.g. coal, crude oil, biomass, waste, etc. [2]. The combustion of DME produces less NOx and SOx emissions 
with less particulate matter than conventional diesel fuel [3]. The well to wheel efficiency of DME is also comparable 
with LPG and compressed natural gas (CNG) [4]. DME can replace petroleum fuels in vehicles, gas turbines and 
residential applications [2], [3]. Also, Clausen et al. reported relatively low cost to implement DME as an alternative 
transportation fuel with high energy efficiency and lesser CO2 emissions [4], [5].  

 
Gasification of biomass or waste is one way to synthesize DME. There are some studies on the production of DME 

by biomass gasification as a standalone facility [4]–[7]. Clausen et. Al [4] reported up to 66% of energy efficiency for 
the production of DME through biomass gasification while Tock et al. [6] and Arvidson et al. [7] reported up to 53% 
and 54% of energetic efficiency, respectively, for the synthesis of  DME  in stand-alone plants. The low efficiency of 
biofuel production demands development of integrated biomass-based energy systems to make the overall processes 
more efficient. One way to do so is to design and implement flexible polygeneration facilities to produce multiple 
products such as heat, power, and biofuels which not only gives high overall efficiency but produce relevant renewable 
products according to the consumer demand [8].  

 
Combined heat and power (CHP) plants deliver electricity and district heat to the domestic and industrial 

consumers. However, the variation in heat demand affects the plant operation throughout the year. This chnage of heat 
demand over different seasons provides the heat sink which offers an opportunity to use the excess heat from CHP 
plant during off-peak hours for process integration of biomass gasification in an existing or new CHP plants. One way 
to design polygeneration facilities is to integrate the fluidized bed combustor of the CHP plant with a fluidized bed 
gasifier to provide the necessary heat indirectly [9]–[11]. Hyene et al. [12] reported the overall increase of efficiency 
for the integrated gasification-CHP polygeneration process to stand alone approach and concluded that process 
integration is largely dependent on the capacity of the existing boiler and integrated gasification facility. Gustavsson 
et al. estimated the overall increase of energy efficiency by integrating the existing CHP plants with biomass 
gasification for the synthesis of liquid biofuels such as methanol and Fischer-Tropsch fuel [10].  
 

Refuse derived fuel (RDF) is an organic waste which constitutes of non-recyclable combustible waste collected 
from various sources such as municipal solid waste, commercial and industrial organic waste, and agricultural waste. 
In Europe, the waste management directives 2006/12/EC put the legislation on landfilling and state that the RDF must 
primarily use for energy production. In Europe, the total volume of RDF derived municipal solid waste alone is 
expected to reach 338 million tonnes by 2020 [13]. Combustion of RDF is the most convenient process to implement 
at larger scale. However, combustion only produces heat and electric power as potential products. RDF waste can 
convert to biofuels via biological or thermochemical treatment but biological treatment e.g. digestion or fermentation 
requires source separation of biodegradable waste from RDF and have slow process times for conversion to biofuels. 
Among various thermochemical conversion, gasification is the most suitable technology for conversion of RDF to 
biofuels [13]. The studies with polygeneration of DME, heat and electric power with RDF as a feed are rare in literature 
and the research work mentioned above mainly considered wood derived biomass as a potential feed source for 
polygeneration process integrated with CHP plants [9]–[12], [14]–[16]. Moreover, most studies consider biomethane 
or hydrogen as a potential product, and it would be interesting to examine production of liquid biofuels with RDF as 
a feedstock for gasification process integrated with CHP plants. 
 

In this study, the production of DME through RDF waste, integrated with a CHP plant is modelled and simulated, 
and possible ways to find the optimum parameters for the overall polygeneration process are investigated. A 
polygeneration based facility for DME production along with heat and electric power by integrating the boiler of an 
existing CHP plant with a biomass gasification reactor is proposed. The syngas obtained from the biomass gasification 
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is upgraded to DME. The boiler of the CHP plant provides the necessary heat for the gasification process by circulating 
the unreacted residual char with bed material between the combustor and gasifier. Also, the CHP plant is assumed to 
provide the steam required for waste biomass drying, gasification and downstream processes such as tar reforming, 
and water gas shift reaction. The waste heat from gasification is recovered in the form of superheated steam at the inlet 
conditions of the steam turbine and transferred to the CHP plant. An actual CHP plant process parameters and data is 
used for the design and evaluation purpose. The detailed modelling of both processes are carried out to do the technical 
analysis, and the maximum DME production potential by process integration is reported.  

 

2. Methodology 

A fluidized bed boiler of an existing CHP plant located in Västerås, Sweden is considered for the integration of the 
gasification process. The boiler has a maximum capacity of 56 kg/s of superheated steam at 70 bar, and 470 °C . Table 
1 summarizes the important operating data of the CHP plant used for modelling and simulation and Table 2 displays 
the RDF feedstock ultimate analysis used for modelling and simulation of the polygeneration process. In this work 
waste biomass is considered as refuse derived fuel. 

Table 1: Main operating parameters for reference CHP plant and feed composition of waste used for process modelling and simulation [17] 
Operating parameters of CHP plant  

Boiler max steam capacity, kg/s (MW) 56 (185) 
Steam turbine inlet pressure, bar 70 
Steam turbine inlet temperature, oC 470 
Boiler efficiency, % 90* 
Maximum heat generation, MW 102 
Maximum power, MW 48 
Heat from flue gas condensation, MW 30 
Power to heat ratio 0.44 
Electrical efficiency, % 30 

 
*The efficiency of the boiler is 90%, and the waste energy input to the combustor can be calculated as = 185 / 0.9 = 205 MW 

Table 2: Ultimate analysis of waste biomass used for modelling and simulation [18]  
Ultimate analysis of RDF waste  
Carbon 52.9 Ash1 15 
Hydrogen 7.3 Moisture1 40 
Nitrogen 1.6 LHV2, MJ/kg  12 
Sulfur 0.5   
Chlorine 1.1   
Oxygen 36.6   

1 Ash and moisture content on dry basis  
2 Lower heating value on as received basis 

2.1 Process modelling and simulation 

Figure 1 depicts the layout of the polygeneration process to produce DME, heat, and power. The modelling and 
process simulation of the polygeneration process was carried out by using the flowsheet based commercial software 
Aspen Plus® [19]. Drying of waste biomass from initial 40% moisture content to final 10% moisture is carried out 
via steam drying. The CHP plant provides the steam required for drying. Dried waste biomass is then sent to the 
gasifier to generate syngas. This work considers the dual-bed gasification technology as a reference technology for 
process integration. In dual-bed gasification, the gasifier bed integrates with the boiler of the reference CHP plant and 
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generate syngas from the gasification of waste biomass. The boiler of the CHP plant provides the necessary heat and 
steam required to carry out the gasification process.  

 
The model for the gasification process was developed by a method adapted from [20], [21]. The gasification process 

is divided into sub-models such as devolatilization, gasification, and combustion sections. For the estimation of 
devolatilization products, temperature dependent correlations from Abdelouahed et al. [20] are used and applied in 
the model. After devolatilization, the products undergo homogeneous and heterogeneous gasification reactions with 
steam as an oxidizing agent, which is modelled by considering the first order reactions along with their reaction 
kinetics adapted from  [20], [21]. Steam to biomass mass ratio of 0.4 is fed to the gasifier. The RCSTR block 
(continuous stirred tank reactor) of Aspen Plus model the kinetic reactions on the basis of residence time. For this 
work, the residence time is selected as to provide enough time for approximately 50% char conversion. Residual char 
along with bed material is sent to the combustor of CHP plant. 

 
Post treatment of syngas includes tar reforming, cooling, water gas shift reactor and cleaning. In the model, the 

CHP plant exports the steam required for reforming and the RStoich block of Aspen Plus is used to model the tar 
reforming reactor. In this study, 100% reforming of all tar to CO and H2 is assumed for simplicity and steam used for 
tar reforming is imported from CHP plant [22]. The syngas is then cooled to 350 °C, and heat is recovered in the form 
of superheated steam at the inlet conditions of steam turbine of CHP plant. For the synthesis of DME, the H2/CO ratio 
of syngas must be adjusted to 1 for the case with recycling and 1.6 for the case with the once-through conversion of 
syngas [4]. The RGibbs block of Aspen plus is used to model the water gas shift reactor (WGS). The WGS reaction 
(R3) takes place at 350 °C and utilize steam from the CHP plant and adjusts the H2/CO ratio of the syngas. Steam to 
CO mole ratio for the WGS reactor is 0.4 - 0.47 [4]. After the WGS reactor, the syngas is cleaned from H2S and CO2 
in the acid gas removal (AGR) section. In this study, syngas cleaning is not modelled, and 100% removal of H2S and 
98% removal of CO2 is assumed the heat required for CO2 removal is as assumed to be 4 MJ/kg of CO2 removed [23].  
 

Syngas converts to DME in a two-step reaction as discussed by Clausen et al. [5]. In the first step syngas reacts to 
produce methanol by R1 followed by the dehydration of methanol to DME by R2. The water gas shift reaction also 
occurs in the reactor. R4 and R5 describe the direct reactions used in this study for the synthesis of DME. 

 
4H2 + 2CO        2CH3OH   ΔH = -181.6 kJ     (R1) 
2CH3OH    CH3OCH3 + H2O  ΔH = -23.4 kJ     (R2) 
CO + H2O   CO2 + H2  ΔH = -41 kJ     (R3) 
3H2 + 3CO  CH3OCH3 + CO2    ΔH = -246 kJ     (R4) 
4H2 + 2CO    CH3OCH3 + H2O  ΔH = -205 kJ     (R5) 
 
The syngas is compressed to 56 bar for the synthesis of DME. Syngas is then cooled to the required temperature 

for the production of DME and heat is recovered as steam. Boiling water reactors (BWR) at 220 °C are taken for the 
synthesis of DME . The DME process is modelled by using the Rgibbs block of Aspen Plus which restricts the 
chemical equilibrium at a temperature and pressure specified for the desired chemical reactions. The temperature and 
pressure in DME synthesis reactor are considered as 220 °C and 56 bar respectively.  The product gases obtained from 
the DME synthesis reactors are condensed to -37 °C in a series of heat exchangers to separate the unreacted gases 
with DME. The CO2 stripper is not modeled, and 98% removal of CO2  is assumed, and the heat required for CO2 
removal is as assumed to be 4 MJ/kg of CO2 removed [23].  The DME mixture is then sent to the distillation unit to 
collect the high purity product. The distillation unit is modelled by the flash separator block of Aspen plus. The main 
operating parameters and process design parameters are presented in Table 3. 

 
2.2 Performance indicators 

 
In this study, two plant configurations are selected for comparison purposes: (i) the 95% recycling of unreacted 

syngas to the DME reactor and the rest to the combustor of the CHP plant. (ii) 0% recycling of unreacted syngas to 
the DME reactor and all of the unreacted syngas is sent to the combustor of the CHP plant. For the base case, the 185 
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MW (LHV) CHP plant is integrated with a 60 MW (LHV) gasifier. The Equation 1 is used to determine the 
performance of the polygeneration plant while equation 2 and 3 is used for determination of standalone CHP plant 
and standalone DME plant efficiency respectively.   

 
 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸()*+,-.-/012). = (𝑑𝑑𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸𝑑𝑑	ℎ𝐸𝐸𝑒𝑒𝑑𝑑 + 𝐸𝐸𝑒𝑒𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸	𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸𝑑𝑑 + 𝐷𝐷𝐷𝐷𝐸𝐸)/(𝑝𝑝𝑒𝑒𝑑𝑑𝑑𝑑𝐸𝐸	𝑏𝑏𝐸𝐸𝑝𝑝𝑏𝑏𝑒𝑒𝑑𝑑𝑑𝑑)			 (1) 

 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸GH( = (𝑑𝑑𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸𝑑𝑑	ℎ𝐸𝐸𝑒𝑒𝑑𝑑 + 𝐸𝐸𝑒𝑒𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸	𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸𝑑𝑑)/(𝑝𝑝𝑒𝑒𝑑𝑑𝑑𝑑𝐸𝐸	𝑏𝑏𝐸𝐸𝑝𝑝𝑏𝑏𝑒𝑒𝑑𝑑𝑑𝑑)			 (2) 

 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸IJK = (𝐷𝐷𝐷𝐷𝐸𝐸 + 𝐻𝐻𝐸𝐸𝑒𝑒𝑑𝑑	𝑑𝑑𝐸𝐸𝐸𝐸𝑝𝑝𝑟𝑟𝐸𝐸𝑑𝑑𝐸𝐸𝑑𝑑)/(𝑝𝑝𝑒𝑒𝑑𝑑𝑑𝑑𝐸𝐸	𝑏𝑏𝐸𝐸𝑝𝑝𝑏𝑏𝑒𝑒𝑑𝑑𝑑𝑑 + 𝐻𝐻𝐸𝐸𝑒𝑒𝑑𝑑	𝑑𝑑𝐸𝐸𝑟𝑟𝑟𝑟𝐸𝐸𝑑𝑑𝐸𝐸𝑑𝑑 + 𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸𝑑𝑑	𝑑𝑑𝐸𝐸𝑟𝑟𝑟𝑟𝐸𝐸𝑑𝑑𝐸𝐸𝑑𝑑)			 (3) 

 
Where district heat, electric power, and DME are the outputs of the polygeneration plant in MW and waste biomass 

is the input for the plant also in MW. In equation 3, the heat required is net heat needed for drying, gasifier, tar 
reforming, and water gas shift reactor. In addition to the base case, the influence of gasifier size on the production of 
DME, change in polygeneration efficiency, and the effect on district heat and electric power output of the CHP plant 
is assessed.  

Table 3: Main process parameters used for process modelling and simulation 

Process Parameter inputs and assumptions 
Gasification and methanation process 
Drying RDF waste biomass is dried to 10 wt. % using steam from the CHP plant. 
ASU Separation of air into pure oxygen and nitrogen, with electric consumption of 0.4 kWhe/m3 oxygen 

[24]. 
DFBG Devolatilization: RYield connected with calculator block at a temperature of 700 oC 

Gasification: RCSTR with first order kinetic reactions. Steam is used as the gasification medium. The 
residence time is selected to give the finite time to achieve 50% char conversion. The 
unreacted/residual char and sand are re-circulated into the reactor through a cyclone separator 

Tar reformer RStoic at 650 oC. Steam required1 for tar reforming is utilized from the CHP plant and calculated by 
the design specification block of Aspen Plus[11]. 

WGS reactor RGibbs reactor at temperature ~300-400 oC to achieve H2: CO = 1:1, the steam required2 is determined 
by the model and taken from the CHP plant. 

Compressors Compression of syngas to 56 bar with an isentropic efficiency of 80% and mechanical efficiency of 
95%. The design of the compressors are beyond the scope of this paper, and they are assumed to be 
installed with intercoolers [22]. 

DME synthesis RGibbs reactor at an isothermal temperature of 220 oC and 56 bar. The heat is recovered in the form 
of superheated steam3 and sent to CHP plant [11]. 

CHP Plant: Combustion and heat recovery steam generation (HRSG) section 
Air preheater Heating of air required for combustor to 250 oC 

Combustor RYield reactor to decompose the biomass into its constituent elements through calculator block. 
RStoic reactor with combustion reactions. 

Superheater1 Superheating of the steam to 470 oC at 70 bar. 
Evaporator1 Outlet with 100 % vapour. 
Economizer1 Heat incoming water to 150 oC. 
Steam Turbine Steam inlet at 70 bar and 470 oC, with an isentropic efficiency of 80% and mechanical efficiency of                  

95% [22]. 
Condenser4 Condensation of steam to liquid water. The released heat is distributed to the district heating network.  
Pump Pumping of liquid water back to the economizer at 70 bar. 

1The heat exchanger block of Aspen Plus is used to model syngas cooling after gasifier, WGS and DME reactor 
and HRSG section and condensation of steam after steam turbine to provide district heating. 
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generate syngas from the gasification of waste biomass. The boiler of the CHP plant provides the necessary heat and 
steam required to carry out the gasification process.  

 
The model for the gasification process was developed by a method adapted from [20], [21]. The gasification process 

is divided into sub-models such as devolatilization, gasification, and combustion sections. For the estimation of 
devolatilization products, temperature dependent correlations from Abdelouahed et al. [20] are used and applied in 
the model. After devolatilization, the products undergo homogeneous and heterogeneous gasification reactions with 
steam as an oxidizing agent, which is modelled by considering the first order reactions along with their reaction 
kinetics adapted from  [20], [21]. Steam to biomass mass ratio of 0.4 is fed to the gasifier. The RCSTR block 
(continuous stirred tank reactor) of Aspen Plus model the kinetic reactions on the basis of residence time. For this 
work, the residence time is selected as to provide enough time for approximately 50% char conversion. Residual char 
along with bed material is sent to the combustor of CHP plant. 

 
Post treatment of syngas includes tar reforming, cooling, water gas shift reactor and cleaning. In the model, the 

CHP plant exports the steam required for reforming and the RStoich block of Aspen Plus is used to model the tar 
reforming reactor. In this study, 100% reforming of all tar to CO and H2 is assumed for simplicity and steam used for 
tar reforming is imported from CHP plant [22]. The syngas is then cooled to 350 °C, and heat is recovered in the form 
of superheated steam at the inlet conditions of steam turbine of CHP plant. For the synthesis of DME, the H2/CO ratio 
of syngas must be adjusted to 1 for the case with recycling and 1.6 for the case with the once-through conversion of 
syngas [4]. The RGibbs block of Aspen plus is used to model the water gas shift reactor (WGS). The WGS reaction 
(R3) takes place at 350 °C and utilize steam from the CHP plant and adjusts the H2/CO ratio of the syngas. Steam to 
CO mole ratio for the WGS reactor is 0.4 - 0.47 [4]. After the WGS reactor, the syngas is cleaned from H2S and CO2 
in the acid gas removal (AGR) section. In this study, syngas cleaning is not modelled, and 100% removal of H2S and 
98% removal of CO2 is assumed the heat required for CO2 removal is as assumed to be 4 MJ/kg of CO2 removed [23].  
 

Syngas converts to DME in a two-step reaction as discussed by Clausen et al. [5]. In the first step syngas reacts to 
produce methanol by R1 followed by the dehydration of methanol to DME by R2. The water gas shift reaction also 
occurs in the reactor. R4 and R5 describe the direct reactions used in this study for the synthesis of DME. 

 
4H2 + 2CO        2CH3OH   ΔH = -181.6 kJ     (R1) 
2CH3OH    CH3OCH3 + H2O  ΔH = -23.4 kJ     (R2) 
CO + H2O   CO2 + H2  ΔH = -41 kJ     (R3) 
3H2 + 3CO  CH3OCH3 + CO2    ΔH = -246 kJ     (R4) 
4H2 + 2CO    CH3OCH3 + H2O  ΔH = -205 kJ     (R5) 
 
The syngas is compressed to 56 bar for the synthesis of DME. Syngas is then cooled to the required temperature 

for the production of DME and heat is recovered as steam. Boiling water reactors (BWR) at 220 °C are taken for the 
synthesis of DME . The DME process is modelled by using the Rgibbs block of Aspen Plus which restricts the 
chemical equilibrium at a temperature and pressure specified for the desired chemical reactions. The temperature and 
pressure in DME synthesis reactor are considered as 220 °C and 56 bar respectively.  The product gases obtained from 
the DME synthesis reactors are condensed to -37 °C in a series of heat exchangers to separate the unreacted gases 
with DME. The CO2 stripper is not modeled, and 98% removal of CO2  is assumed, and the heat required for CO2 
removal is as assumed to be 4 MJ/kg of CO2 removed [23].  The DME mixture is then sent to the distillation unit to 
collect the high purity product. The distillation unit is modelled by the flash separator block of Aspen plus. The main 
operating parameters and process design parameters are presented in Table 3. 

 
2.2 Performance indicators 

 
In this study, two plant configurations are selected for comparison purposes: (i) the 95% recycling of unreacted 

syngas to the DME reactor and the rest to the combustor of the CHP plant. (ii) 0% recycling of unreacted syngas to 
the DME reactor and all of the unreacted syngas is sent to the combustor of the CHP plant. For the base case, the 185 
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MW (LHV) CHP plant is integrated with a 60 MW (LHV) gasifier. The Equation 1 is used to determine the 
performance of the polygeneration plant while equation 2 and 3 is used for determination of standalone CHP plant 
and standalone DME plant efficiency respectively.   
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Where district heat, electric power, and DME are the outputs of the polygeneration plant in MW and waste biomass 

is the input for the plant also in MW. In equation 3, the heat required is net heat needed for drying, gasifier, tar 
reforming, and water gas shift reactor. In addition to the base case, the influence of gasifier size on the production of 
DME, change in polygeneration efficiency, and the effect on district heat and electric power output of the CHP plant 
is assessed.  
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Drying RDF waste biomass is dried to 10 wt. % using steam from the CHP plant. 
ASU Separation of air into pure oxygen and nitrogen, with electric consumption of 0.4 kWhe/m3 oxygen 

[24]. 
DFBG Devolatilization: RYield connected with calculator block at a temperature of 700 oC 

Gasification: RCSTR with first order kinetic reactions. Steam is used as the gasification medium. The 
residence time is selected to give the finite time to achieve 50% char conversion. The 
unreacted/residual char and sand are re-circulated into the reactor through a cyclone separator 

Tar reformer RStoic at 650 oC. Steam required1 for tar reforming is utilized from the CHP plant and calculated by 
the design specification block of Aspen Plus[11]. 

WGS reactor RGibbs reactor at temperature ~300-400 oC to achieve H2: CO = 1:1, the steam required2 is determined 
by the model and taken from the CHP plant. 

Compressors Compression of syngas to 56 bar with an isentropic efficiency of 80% and mechanical efficiency of 
95%. The design of the compressors are beyond the scope of this paper, and they are assumed to be 
installed with intercoolers [22]. 

DME synthesis RGibbs reactor at an isothermal temperature of 220 oC and 56 bar. The heat is recovered in the form 
of superheated steam3 and sent to CHP plant [11]. 

CHP Plant: Combustion and heat recovery steam generation (HRSG) section 
Air preheater Heating of air required for combustor to 250 oC 

Combustor RYield reactor to decompose the biomass into its constituent elements through calculator block. 
RStoic reactor with combustion reactions. 

Superheater1 Superheating of the steam to 470 oC at 70 bar. 
Evaporator1 Outlet with 100 % vapour. 
Economizer1 Heat incoming water to 150 oC. 
Steam Turbine Steam inlet at 70 bar and 470 oC, with an isentropic efficiency of 80% and mechanical efficiency of                  

95% [22]. 
Condenser4 Condensation of steam to liquid water. The released heat is distributed to the district heating network.  
Pump Pumping of liquid water back to the economizer at 70 bar. 

1The heat exchanger block of Aspen Plus is used to model syngas cooling after gasifier, WGS and DME reactor 
and HRSG section and condensation of steam after steam turbine to provide district heating. 
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Figure 1: Process configuration for the integrated polygeneration concept (The area in grey is the CHP plant integrated with the biomass 
gasification and DME synthesis process). WGS= Water Gas Shift reactor 

3. Results  

For the base case, the CHP plant at full capacity (205 MW RDF waste input) is integrated with a 60 MW gasifier. 
Table 4 summarizes the main findings from modelling and simulation of the process integration design concept. For 
the production of DME, two cases are modelled and compared. For the first case, modelling of recycling of 95% 
unreacted CO and H2 back to DME reactor is considered and performed. For the second case, unreacted CO and H2 
are sent for the combustion in the boiler of the CHP plant. The polygeneration plant for both recycle and once through 
cases indicates higher overall efficiencies than standalone DME synthesis plant. The simulation results also show that 
the total production of DME is higher in the case of recycling of unreacted gases back to the DME reactor. For once-
through conversion of syngas, the amount of DME obtained is approximately 9% lower. The unreacted char in the 
gasification section and unreacted syngas after DME synthesis is transferred to the combustor of the CHP plant, where 
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they are combusted along with RDF waste and results in the increase of the amount of superheated steam generated 
in boiler. Which results increase in steam output i.e. 196 MW for recycle scenario and 204.6 MW for once through 
scenario as compared with steam production of 185 MW in the base case CHP plant. Hence, the district heat produced 
in the once-through case is slightly greater than for the stand-alone CHP plant. The electric power utilized by both 
cases is almost similar i.e. 7.6 and 7.7 MW for recycling and once-through conversion respectively. Compressors for 
syngas and DME condensers consume the biggest portion of electric power consumption in the process integration.  

Table 4: Base case simulation results regarding energy for the stand alone and designed polygeneration system for DME, heat and power 
production 

RC = Recycle, OT = Once through 
1 The heat required for gasification-DME synthesis process mainly steam consumed by drying, gasifier, tar reforming, and water gas shift reaction. 
2 The heat is recovered from syngas cooling after gasification, water gas shift reactor, and compressor and DME synthesis reactor. 
3 The net superheated steam sent to turbine after fulfilling the heat demand of gasification and DME synthesis processes. 
4 The power required for gasifier mainly consumed by compressors and condensers. 
 

Figure 2 (a) shows the increase in DME production with an increase in capacity of the gasifier for both the recycle 
and once through conversion of syngas cases. The production of DME increases for both cases, but the difference in 
DME production between the cases becomes greater at a higher capacity of the gasifier. The polygeneration efficiency 
also varies with the increase in gasifier capacity. Figure 2 (b) displays the change in polygeneration efficiency by 
increasing the capacity of gasifier. The efficiency of the polygeneration plant for both recycle and once-through 
conversion cases decreases with the increased process integration capacity. The main reason for this decrease in 
efficiency is a decrease in net heat and power output of the CHP plant. Also, the high capacity gasifier for DME 
production requires a very large amount of electric power for processes such as compressors, condensers, etc. This 
high amount of electric power is imported from the CHP plant which decreases the overall polygeneration efficiency. 
However, the polygeneration efficiency is greater for the recycle plant scenario compared to the once-through 
conversion of syngas for DME production.  

 Stand-alone  Polygeneration plant 
 CHP DME (RC) DME (OT) CHP-DME (RC) CHP-DME (OT) 
CHP      
RDF waste input, MW 205 - - 205 205 
Superheated steam generated, MW (kg/s) 185 (56) - - 196 (59.4) 204.6 (62) 
Heat sent to gasification1, MW - 20 20 20 20 
Heat generated by gasification2, MW - 5 1.8 5 1.8 
Superheated steam to Turbine3, MW (kg/s) 185 (56) - - 181 (54.8) 186.4 (56.5) 
District heat, MW 100 - - 98.1 100.8 
Electric power, MW 50 - - 48.9 50.4 
Electric power to gasifier4, MW - 7.6 7.7 7.6 7.7 
Net electric power, MW - - - 41.3 42.7 
Gasification-DME synthesis        
RDF waste input, MW - 60 60 60 60 
DME, MW - 46.4 42.6 50.4 42.6 
Efficiency, % 73.2 63.2 50.6 71.7 70.2 
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(a)        (b) 

Figure 2: Change in DME production and polygeneration efficiency with the increase of gasification capacity size integrated with CHP plant 

Figure 2 (b)  shows that the efficiency of polygeneration plant decreases with increase production of DME as large 
part of heat and power produced in CHP is transferred to gasification plant. However, it is interesting to note that the 
recycle case shows more stable approach for overall efficiency than once through case even though in once through 
conversion the unreacted gases are transferred to CHP plant for combustion which has higher overall efficiency. This 
is due to the fact that large portion of unreacted syngas contains CO and has lesser heating value (10-12 MJ/kg) if 
combusted however, in recycling scenario they are recycled and converted to DME, which has higher heating value. 
Figure 3 (a) and (b) illustrates the effect on heat and power output of the CHP plant with the integration of a gasifier 
for DME production. The impact on the electric power and district heat output is less for the case with once-through 
conversion of syngas for DME production. The net electric power decreases for both the once-through and recycle 
cases, but the district heat for increases with the increase in gasifier capacity for the once-through conversion case. 
This is due to the additional combustion of unconverted syngas from the gasifier section. However, it should be noted 
that the CHP plant is modelled on its full capacity for both cases, and the transfer of unreacted gases from the gasifier 
to the boiler of the CHP plant is carried out with the assumption that the CHP boiler can handle this extra load.  

4. Discussion 

This paper investigates the potential benefits of a polygeneration based configuration by process integration of a 
gasifier for DME production with an existing or new CHP plant. A detailed modelling and simulation of the proposed 
design of the polygeneration concept is performed. The results revealed that the process integration shows benefits 
with an increase in overall efficiency. The combined efficiency of the integrated process is up to 71%. The obtained 
efficiency is greater than the stand-alone efficiency for a DME plant with biomass gasification i.e. 50% and 63% for 
once-through and recycling of unreacted syngas scenarios respectively. Another process for producing DME is 
through black liquor gasification by integrating the pulp and paper mill process with biomass gasification. Naqvi et 
al. [25] reported the black liquor to DME efficiency to be up to 55%. The polygeneration efficiency is highly dependent 
on certain factors such as the size of the gasifier integrated with the CHP plant and the route used for the production 
of DME through biomass gasification such as recycle or once-through conversion. Also, the integration efficiency 
shows lower efficiencies than the stand-alone CHP plant, so the potential benefits of process integration need to be 
determined regarding additional benefits such as increased operational time for CHP plant and economic benefits 
regarding DME as an alternative fuel. Also, economic assessment and comparison of process integration of a gasifier 
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and CHP plant to produce not only DME but other liquid biofuels such as methanol and Fischer-Tropsch (FT) also 
needs to be determined. 
 

(a)                                                            (b)                                                     
  Figure 3: Decrease in electric power (a) and district heat (b) by changing the gasifier capacity for DME production 

5. Conclusion 

In this study, a polygeneration process is proposed and simulated for district heat, electric power, and DME 
production. For process integration, an existing CHP plant and gasifier is integrated. The simulation shows that district 
heat and electric power produced from the CHP plant is less affected by integrating the once-through conversion route 
for DME synthesis with transfer of unreacted syngas to the boiler of CHP plant. The modelling and simulation of the 
proposed polygeneration plant also show an overall efficiency up to 70.1% which is significantly higher than the 
efficiency of a stand-alone DME plant but lower than the efficiency for a stand-alone CHP plant. However, the market 
price for DME is higher than heat and electric power which indicates the design of optimal and economical suitable 
polygeneration process. Also, the CHP plant does not run for full operating year due to variation in heat and electric 
power demand and if we look into this aspect the process integration for biofuel production with CHP plant seems a 
technical feasible solution. However, a complete study to cover all these aspects needs to be studied to find the optimal 
option for polygeneration process. 
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(a)        (b) 

Figure 2: Change in DME production and polygeneration efficiency with the increase of gasification capacity size integrated with CHP plant 

Figure 2 (b)  shows that the efficiency of polygeneration plant decreases with increase production of DME as large 
part of heat and power produced in CHP is transferred to gasification plant. However, it is interesting to note that the 
recycle case shows more stable approach for overall efficiency than once through case even though in once through 
conversion the unreacted gases are transferred to CHP plant for combustion which has higher overall efficiency. This 
is due to the fact that large portion of unreacted syngas contains CO and has lesser heating value (10-12 MJ/kg) if 
combusted however, in recycling scenario they are recycled and converted to DME, which has higher heating value. 
Figure 3 (a) and (b) illustrates the effect on heat and power output of the CHP plant with the integration of a gasifier 
for DME production. The impact on the electric power and district heat output is less for the case with once-through 
conversion of syngas for DME production. The net electric power decreases for both the once-through and recycle 
cases, but the district heat for increases with the increase in gasifier capacity for the once-through conversion case. 
This is due to the additional combustion of unconverted syngas from the gasifier section. However, it should be noted 
that the CHP plant is modelled on its full capacity for both cases, and the transfer of unreacted gases from the gasifier 
to the boiler of the CHP plant is carried out with the assumption that the CHP boiler can handle this extra load.  

4. Discussion 

This paper investigates the potential benefits of a polygeneration based configuration by process integration of a 
gasifier for DME production with an existing or new CHP plant. A detailed modelling and simulation of the proposed 
design of the polygeneration concept is performed. The results revealed that the process integration shows benefits 
with an increase in overall efficiency. The combined efficiency of the integrated process is up to 71%. The obtained 
efficiency is greater than the stand-alone efficiency for a DME plant with biomass gasification i.e. 50% and 63% for 
once-through and recycling of unreacted syngas scenarios respectively. Another process for producing DME is 
through black liquor gasification by integrating the pulp and paper mill process with biomass gasification. Naqvi et 
al. [25] reported the black liquor to DME efficiency to be up to 55%. The polygeneration efficiency is highly dependent 
on certain factors such as the size of the gasifier integrated with the CHP plant and the route used for the production 
of DME through biomass gasification such as recycle or once-through conversion. Also, the integration efficiency 
shows lower efficiencies than the stand-alone CHP plant, so the potential benefits of process integration need to be 
determined regarding additional benefits such as increased operational time for CHP plant and economic benefits 
regarding DME as an alternative fuel. Also, economic assessment and comparison of process integration of a gasifier 
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and CHP plant to produce not only DME but other liquid biofuels such as methanol and Fischer-Tropsch (FT) also 
needs to be determined. 
 

(a)                                                            (b)                                                     
  Figure 3: Decrease in electric power (a) and district heat (b) by changing the gasifier capacity for DME production 

5. Conclusion 

In this study, a polygeneration process is proposed and simulated for district heat, electric power, and DME 
production. For process integration, an existing CHP plant and gasifier is integrated. The simulation shows that district 
heat and electric power produced from the CHP plant is less affected by integrating the once-through conversion route 
for DME synthesis with transfer of unreacted syngas to the boiler of CHP plant. The modelling and simulation of the 
proposed polygeneration plant also show an overall efficiency up to 70.1% which is significantly higher than the 
efficiency of a stand-alone DME plant but lower than the efficiency for a stand-alone CHP plant. However, the market 
price for DME is higher than heat and electric power which indicates the design of optimal and economical suitable 
polygeneration process. Also, the CHP plant does not run for full operating year due to variation in heat and electric 
power demand and if we look into this aspect the process integration for biofuel production with CHP plant seems a 
technical feasible solution. However, a complete study to cover all these aspects needs to be studied to find the optimal 
option for polygeneration process. 
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