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Rapid urbanization in China has generated substantial
quantities of liquid wastes in municipalities, and along
with it massive investments in wastewater conveyance
and disposal. This increase in the number of wastewater
treatment plants (WWTPs) needed to treat the generated
wastewater has led to the emergence of a significant
volume of sludge, as the byproduct of the treatment
process. It is estimated that China’s municipal wastewater
treatment plants will have produced over 30 million tons
of sludge (80% water content) by 2015, making secondary
pollution not just a downstream environmental problem,
but also a significant global environmental opportunity to
capture significant amounts of greenhouse gas emissions
that are also generated through the process.

The problem of effective and sustainable solutions for
sludge disposal has been a challenge in all countries
witnessing rapid urbanization. Cities in the OECD
countries have invested in various technologies aimed

at recycling sludge into compost, energy and biochar.
Among the various options tried out has been the idea
of ‘capturing’ the various byproducts of the anerobic
digestion process before they end up polluting the land,
water and atmosphere. Xiangyang City of Hubei Province
is perhaps the first developing country city that tested
out such a process by investing in a “high temperature
thermal hydrolysis + highly concentrated anaerobic
digestion + methane (CH,) capture and utilization”
pathway through which co-digested sludge and kitchen
waste have been rendered harmless to the local, regional
and global environment. In fact, the research indicates
that the economic benefits to the local community are
significant, once the project design harmonizes the
interests of the city government, the investor and the
financier.



The Xiangyang case study documents how a mid-sized city
in China has successfully accomplished multidimensional
goals of not only complete treatment of sludge, but also
achieve renewable energy generation, and resource
recovery through a cost effective green treatment

process. The World Resources Institute was invited to
independently review the energy, environmental and
economic benefits of the Xiangyang case, and this paper
summarizes Xiangyang’s experiences, and provides
insights on how other cities in China and in other
developing countries facing similar challenges can address
their sludge disposal problems in a sustainable manner.

Using struvite sediments
and anaerobic ammonium oxidation (Anammox), Yu
Liang Zhou project has the capacity to recover 96% of
the nitrogen (N) and 98% of the phosphorous (P) into
biochar.

it is estimated that 227,000 tons
of sludge and kitchen waste can be co-digested with
13,000 tons of CO,e emission during the 21-year
contracted period of operation. Compared to landfill
and incineration, the project may reduce 800,000
tons and 220,000 tons of CO,e emissions respectively.

the project has a daily
biochar production of 55-60 tons. If the biochar is
used for planting trees, 432,000 saplings (one sapling
can consume 100 kilograms of biochar soil) and
800,000 m” of land (approximately 1200 mu) will be
needed to consume the biochar produced in 2 years.
According to the estimation of life cycle analysis,
the carbon sink capacity of trees planted will reach
751,000 tons during the 21 years of operation period.

the project received political
support from the municipal government, and
low-interest loans from international financial
organization and the Export-Import Bank of China.
This “government-bank-enterprise” partnership was
key in working out long-term contractual agreements
that ensured a harmonization of interests between
the local government (which wanted to eliminate

pollution from sludge), the financing entity (which
offered concessional financing as a means of bridging
any financial viability gap), and the enterprise (which
was interested in running a sustainable commercial
operation through the production of compressed
natural gas (CNG) by capturing CH, and the sale of
biochar for urban forestry programs).

Using the technical route as “high temperature hydrolysis
+ anaerobic digestion + heavy metal vulcanization +
methane capture and utilization+ biochar soil”, the project
successfully recovered and reutilized the nutrients (C, N,
P and etc.) in sludge, avoiding the secondary pollution of
water bodies. During the 21 years of operation period, the
project can not only reduce 98% of the GHG emissions,
but also produce 45 million m?* of CNG to replace 60,000
m?® gasoline, 140,000 tons of CO,e extra reduction.

The successful implementation of a BOO (Build-
Own-Operate) contracting arrangement validated the
importance of cooperation between the local government
and the private sector. A key factor in enabling these
green investments to take place was the availability of a
low-interest with longer tenor because this lowered the
financial cost of the project. In addition, as Xiangyang
project needs to treat 300,000 tons of old sludge,

the organic matter of which is relative low, the local
government provided a relatively high level of subsidy.
However, in Anhui and Hunan Province, where the
projects only treat daily produced sludge by the same
treatment technology, the level of subsidies is lower and it
will relieve the financial pressure of the local governments.
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CH,
Xiangyang project demonstrated the importance of
designing a complete value chain of a sludge project by
means of recovering CNG from sludge and using biochar
for arboriculture. Taking the market needs as the priority
while selecting sludge treatment technology ensured the

sustainability of the capital flow of the project. However, 2011
the design of concessional financing terms and operating « +
subsidies remain key for project success as this class of + »

projects aimed at mitigating environmental concerns have
difficulty passing the market test. “
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