Synthesis of LPG from Biomass-derived Syngas
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Abstract:
Liquid petroleum gas, LPG, is widely used in Japan, present of which is a by-product of natural gas.  A project of synthesizing LPG from biomass-derived syngas, bio-LPG, started in 2010.  Through the first two-year study, it became clear that bio-LPG is suitable for present LPG-supply chain in Japan.  Greenhouse gas emission from bio-LPG based on its life cycle assessment was estimated to be quite low.  
1. Introduction:

As Japan is an island country, municipal gas is available in limited areas of large populations.  Rest of Japan, area of more than 90%, liquid petroleum gas, LPG, is supplied to.  “Energy Kihon Keikaku (Basic Energy Plan in Japan)” classified LPG as a distributed source of energy.  In each year, LPG of about 15-16Mt is consumed, energy of which is about 750-800PJ.  It corresponds to about 6% energy of petroleum and natural gas imported from abroad.  
About 68.5% of land area of Japan is forest: its forest area is 24 979kha and total land area is 36 450kha, which is the 3rd highest in the world.  Forest residues and agricultural wastes have great potential as resources of fuel materials.  Synthesized LPG from biomass-derived syngas, bio-LPG, is expected as one of the most promising measures for reducing greenhouse gas emission, GHG emission.  “Energy Kyokyu Koudoka Hou (Act of Sophisticated Methods of Energy Supply Structures)” was established in 2010.  According to it, LPG suppliers are mandated to introduce bio-gas.  
New Energy and Industrial Technology Development Organization, NEDO, started a bio-LPG project in 2010 as a part of  “Project to Develop Next-generation Technology for Strategic Utilization of Biomass Energy.”  Japan Gas Synthesis Co. Ltd, the University of Kitakyushu and National Institute of Advanced Industrial Science and Technology contracted with NEDO.   
Through the first two-year study, it became clear that bio-LPG is suitable for present LPG-supply chain in Japan and for local production for local consumption because it is directly mixable to fossil-LPG.  According to its life cycle assessment, GHG emission from bio-LPG is estimated to be quite low.  However, its energy conversion rate from feedstock to biomass to bio-LPG requires improvement: present value is about 0.38, but necessary improvement to increase LPG production and to reduce cost. 


2. Process overview and advantages:

Figure 1 shows a concept of the bio-LPG process and the present LPG-supply chain in Japan.  Bio-LPG process consists of entrained-flow type biomass gasification technology and direct LPG synthesis process.  Properties of the biomass-derived syngas and the LPG were studied by using a laboratory-scale gasifier [1] and reactors.  Based on them, performances of a commercial-scale bio-LPG plant were estimated, 100t/day-scale of which was determined by considering reports from Mitsubishi Heavy Industries, Ltd [2]-[3].  
[image: ]
Fig.1: Concept of bio-LPG Process and LPG-supply chain in Japan. 

The estimations indicated that performances of the bio-LPG plants were depended on effective uses of heat produced from the LPG synthesis reactor and properly controlled compositions of syngas suitable for LPG synthesis.  The bio-LPG process has many advantages such as (1) high energy conversion rate from feedstock biomass to syngas, cold gas efficiency, of 75% or more, (2) simple structure and operation of direct LPG synthesis reactor, (3) small yields of by-products, (4) low initial and running costs and (5) directly mixable to fossil LPG with no limitations.  
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