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Summary of Evaluation Results

1. OQOutline of the Project

Country: India Project Title: UASB-DHS Integrated System - A Sustainable
Sewerage Treatment Technology

Sector: Cooperation Scheme: Technical Cooperation
Planning/Government-Government-Envi | Project-SATRPS*

ronment Issue * Science and Technology Research Partnership for

Sustainable Development

Division in Charge: Global Total Cost: Approx. 395 million yen (Japanese ODA)
Environment Department

Implementation Organizations: National River
Conservation Directorate (NRCD), Uttar Pradesh Jal
March 24, 2011 - March 23, 2016 (five Nigam(UPJN), Central Public Health and Environmental
years) Engineering Organization (CPHEEQ)
(R/D): March 4 2012 R N

esearch Organizations:
Central Pollution Control Board (CPCB), Aligarh Muslim
University(AMU), Indian Institute of Technology
Roorkee(IIT Roorkee)

Period of Cooperation:

Supporting Organization in Japan: Tohoku University,
Nagaoka University of Technology, Kisarazu Institute of
National College of Technology, Kagawa Institute of
National College of Technology, Niigata University of
Pharmacy and Applied Life Sciences

1-1 Background of the Project

In India, rapid industrialization and socio-economic changes have accelerated urban growth, which has
subsequently polluted rivers. The Ministry of Environment, Forests, and Climate Change (MoEFCC) has
been providing assistance to the various State Governments for the abatement of the increasing pollution
of rivers of identified stretches of rivers under the National River Conservation Plan (NRCP).

During the initial phase of the NRCP, a large number of sewage treatment plants (STPs) were
constructed based on activated sludge process (ASP) technology. However, the ASP technology required
higher operation and maintenance (O&M) costs and had higher energy requirements. Considering these
constraints, technologies more appropriate for Indian conditions that use less energy and have lower
O&M costs, such as the Up-flow Anaerobic Sludge Blanket (UASB) process and waste stabilization
ponds, were adopted. A UASB plant requires a post-treatment step in order to comply with the effluent
discharge standards. Thus, most of the UASB plants are provided with a polishing pond, specifically a
final polishing unit (FPU), with a one or two day detention period. However, the FPU requires a
considerably large area of land. Furthermore, an issue developed in which a UASB-FPU system was
unable to meet the effluent standards.

The Down-flow Hanging Sponge (DHS) system is a technology developed at the Nagaoka University
of Technology, Japan, especially for post-treatment of effluent from UASB reactors. A key of the DHS
system is the use of a polyurethane sponge as a support material to retain sludge. The UASB effluent is
supplied to the top of each sponge module and it trickles down to the bottom of the module.

The performance of a IMLD pilot DHS plant at Karnal has been continuously monitored for more
than five years. It has been reported that the effluent quality was fairly good and that the plant has also
reduced the amount of sludge production. The DHS system requires simple O&M and less land. Based
on the experience of the pilot DHS plant at Karnal, the National River Conservation Directorate (NRCD)
submitted a request for Japanese Technical Cooperation under the Science and Technology Research
Partnership for Sustainable Development (SATREPS) Scheme, with the intention to up-scale the DHS
system through collaborative research and a practical scale experiment of the UASB-DHS integrated
system.
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Upon approval of the proposal by the Japanese Government and Detailed Planning Study by JICA in
September 2010, the Project activities began in May 2011, with a time frame of five years. The Project
for UASB-DHS Integrated System-A Sustainable Sewerage Treatment Technology (hereinafter referred
to as the Project) has been undertaking a range of activities mostly at Agra along with Uttar Pradesh Jal
Nigam (UPJN) to achieve Project Purpose. The Mid-term review was conducted in December 2013.
Since the Project will be completed in May 2016, the terminal evaluation is conducted.

1-2 Project Overview
(1) Project Purpose

A novel sewage treatment technology, which is appropriate from viewpoint of energy consumption,
O&M, land requirement and total cost, is developed.

(2) Outputs

1. The applicability of Up-flow Anaerobic Sludge Blanket (UASB) - Down-flow Hanging Sponge
(DHS) system for sewage treatment in India is verified through a continuous operation of the
newly-established UASB-DHS system in Agra, Uttar Pradesh State.

Indicator 1-1. Effluent water quality continuously meets effluent discharge standard value of BOD
30mg/L for more than a year.

Indicator 1-2. UASB-DHS system is demonstrated to be more effective in terms of energy
conservation.

2. Design and O&M Guidelines for UASB-DHS system are drawn up, and dissemination plan for the
Guidelines and Manual (Draft)* is prepared. * A manual needs an approval by the Government of India.
Therefore, a manual is changed into guidelines as the result of discussions between Japanese side and Indian side.

Indicator 2-1. Design Guidelines for UASB-DHS system is presented to NRCD, UPJN and
CPHEEO.

Indicator 2-2. O&M Guidelines for UASB-DHS system is presented to NRCD, UPJN and
CPHEEO.

(4) Inputs

Japanese side:
(a) Experts: 18 short-term experts 66.92 MM, one long-term expert as a coordinator 46.67MM
112.59 MM in total as of the end of 2015.

Areas: plant management, wastewater treatment, sewage treatment, environmental microbiology,
environmental management, environmental bioengineering, risk management, sludge
management, leader, sub-leader, project coordinator.

(b) Design and Construction of SMLD DHS Pilot Plant approx. 185.6 Million Yen
(c) Equipment: equipment for water analysis, measuring microorganism and so on.
(d) Trainings in Japan: 12 persons.
Theme of training courses: 1st: Coordinating Meeting, 2nd: C/P training on Sewage Treatment
Technology and Management, 3rd: Coordinating Meeting
(e) Local operation cost borne by the Japanese side: 52.4 million yen (As of September 2015)
Major expenses : expenses for expert activities, procurement of materials and equipment for
laboratory experiments, maintenance of laboratory equipment, workshop
expenses, renovation cost of laboratory at Agra, employment of local staff and
consultants for construction of DHS plant etc.

Indian side:
1. C/P personnel arrangement:
1)NRCD (two persons: one Project Director, one Deputy Director of NRCD, MoEFCC)
2) UPJN (two persons: one General Manager, one Deputy Project Manager)
3) AMU(five persons: one associate professor, four PhD and master students)
4) IIT-Roorkee(two professors)
2. Provision of Facilities
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Land for pilot plant construction, space for laboratory and space for a long—term expert office including

lights, electric facility, desk and chairs, etc.
3.Local expenses 1.3 million INR(India Rupee) in total

The local expenses borne by the Indian side totaled 1.3 million INR.

2. Evaluation Team

JICA Mr. Kazunao Shibata Leader Director for Environmental Management
Team 2, Environment Management
Member Group ,Global Environment Department,
JICA
Ms. Hiroko Kamata Sewage Senior Advisor (Environmental
Treatment Management, Water Supply and
Technology | Sanitation), JICA
Ms. Shizuka Onishi Cooperation Deputy Director
Planning Environmental Management Team 2
Environment Management Group/
Forestry and Nature Conservation Group/
Office for Climate Change
Global Environment Department
JICA
Ms. Noriyo Aoki Evaluation Consultant, Earth and Human Corporation
Analysis
JST Mr. Kotaro Inoue SATREPS Principal Fellow
Research Japan Science and Technology Agency
Member Supervisor (JST)
Mr. Hiroyuki Abe SATREPS Senior Associate Research Supervisor
Planning & Development of International Affairs
Evaluation SATREPS Group, JST
Period of October 25 -November 7, | Evaluation Terminal Evaluation Study
Evaluation | 2015 Type

3. Results of Evaluation

3-1 Confirmation of Results
3-1-1 Achievement of Outputs

Indicator 1.1 “Effluent water quality continuously meets effluent discharge standard value of less than

BOD 30mg/L for more than a year”

Continuous operation and monitoring of DHS plant started in July 2014. During a flow-rate of 5 MLD in

hydraulic retention time (HRT) of 1.44 hours, DHS effluent exceeded the discharge standard of 30 mg/L due
to the fact that most DHS influent was significantly exceeding the design criteria of 60 mg/L. BOD-Influent.
During a flow-rate of 3 MLD in HRT of 2.4 hours, the DHS system was able to satisfy the 30mg/L discharge
standard.

On the other hand, according to the Indian authorities, a new set of discharge standard will soon be
enforced, therefore it is necessary to take them into consideration, including BOD (<10mg/L) and other
parameters.

Indicator 1.2 “UASB-DHS system is demonstrated to be more effective in terms of energy conservation”
Based on the results of the economic assessment of Nagaoka University of Technology and AMU, Indian
local consultants have undertaken the comparative economic assessment. The preliminary results prove the
energy saving effect of the UASB-DHS system compared to the other STPs.

Indicators 1.2, 2.2 “Design Guidelines and O&M Guidelines for the UASB-DHS system are presented to
NRCD, UPJN, and CPHEEO.”
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The draft guidelines have been developed in 2014 and comments have been collected from Indian Working
Group member institutions. The latest versions have been submitted on the occasion of the 5™ JCC. Revision
of the guidelines is ongoing at the time of the terminal evaluation study.

3-1-2 Achievement of Project Purpose
Project Purpose “A novel sewage treatment technology, which is appropriate from viewpoint of energy
consumption, O&M, land requirement and total cost, is developed.”

According to the preliminary results of a comparative study conducted by local consultants, in comparison
to other sewage treatment systems, UASB-DHS system has relatively lower energy consumption. Its land
requirement and O&M cost are the lowest among the studied systems. However, the appropriateness in terms
of capital cost remains to be achieved. The construction cost of pilot DHS plant in Agra is high partly because
it includes testing equipment as a part of the experimental plant.

3-2 Summary of Evaluation Results
(1) Relevance: high

The Project is well aligned with Indian policies on river purification and sewage water treatment as
well as with Japan’s ODA policy towards India. It is also responsive to the development needs for the
post-treatment system of UASB, which could reduce land and energy requirements and produce less
sludge. The approach is to utilize Japan’s comparative advantage in the area of sewage technology in the
developing countries as the expert team has continuously studied the DHS technology. Therefore,
Relevance of the Project is high.

(2) Effectiveness: relatively high

Despite several inhibiting factors, Project Purpose and Outputs have mostly been achieved, or are expected
to be achieved by the end of the Project. The continuous monitoring data is obtained for less than one year. At
a flow-rate of 3 MLD in HRT of 2.4 hours, the DHS system is able to satisfy the discharge standard of less
than 30mg/L. The DHS system also has the potential to satisfy the new discharge standard of 10 mg/L, which
will be adopted in a few months; however this needs to be examined. The energy-saving effect of the
UASB-DHS system has been proved compared to other STPs. The draft UASB-DHS design and O&M
guidelines were presented on the occasion of the 5th JCC meeting in November 2015. Continuous
experimentation and analysis is still required in the remaining period to clarify the performance of
UASB-DHS system.

(3) Efficiency: fair

Inputs from both Indian and Japanese sides are provided. However, in the first half of the Project period,
the delay in construction of the DHS plant and establishment of co-research partnership has affected the
efficiency of the Project. In the latter half of the project, management of required conditions for experimental
research became a considerable challenge. Inputs of the short-term Japanese experts were intermittent and
short to implement the activities smoothly. After the Mid-term Review, the Project has been able to execute
joint research activities in collaboration with Indian side.

(4) Impact: relatively high

Some influences and the ripple effects brought by the Project are observed in the latter half of the Project
as described below. Various stakeholders including large-scale Indian private companies show interest in
further potentials of the DHS through the Project. After the completion of drafting the Guidelines, the
workshop and TOT which will be held in February 2016, the Project is expected to produce more ripple
effects. On the conditions that the following sustainability issues will be addressed and the recommendations
will be implemented, it is expected that the Project will be able to produce high impacts after the completion
of the Project. Based on these conditions, presently the impact can be judged as relatively high.

(5) Sustainability: relatively high

The sustainability in terms of policy is high, because the Indian policy directions are favorable to
energy and land saving STP which produces less sludge. From the institutional point of view, the related
organizations such as NRCD, UPJN have addressed the future support for the UASB-DHS system.
Therefore, the institutional sustainability is considered relatively high. The technical sustainability is
regarded as fair because it is required to clarify how the O&M of the DHS plant and the research using
the plant will be continued after the Project completion. the O&M of the DHS still needs the expert
guidance and directions. For the financial sustainability, although Indian side has expressed its will to
ensure the O&M cost of the UASB-DHS system, the continuous development of the DHS and its
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localization needs the finances to support the activities. The financial sustainability is fair. Therefore, it is
concluded that the sustainability as a whole is considered relatively high.

3-3 Factors contributing to the determination of effects
None in particular.

3-4 Factors that impeded realization of outcomes
(1) Factors related to planning
1) Preliminary Study for DHS site selection

The detailed design and tender documents of the DHS plant construction were prepared by Tohoku
University and a Japanese consulting firm based on the conditions of Karnal (UASB effluent quality:
<60mg/L). Actual conditions of UASB effluent were not known until the monitoring of DHS
performance started, due to lack of preliminary verification studies. Due to time and communication
constraints, it was difficult to facilitate communication between Indian and Japanese sides and verify the
actual data.

2) Information exchange for experimental study
While some have reported that collaborative research work has improved following the Mid-term
Review, there has been feedback that certain organizations have not been able to receive frequent
communication and clear information regarding the progress of the Project, the design of the DHS plant
and conditions of the experiment.

(2) Factors related to the implementation process

1) Delay of co-research partnership establishment

The establishment of a co-research study framework has been delayed. One of the factors that may
have made it difficult to establish an institutional partnership is the geographical distance from the DHS
site to the research institutes.

2) Limited dispatch duration of the short-term experts

The Project leader, sub-leader and main researchers specializing in the UASB-DHS system have been
dispatched for five to seven days at a time including traveling time from Japan. It is fair to conclude that
it is difficult for these people to manage the Project, discuss measures to be taken with Indian
counterparts and transfer technology by joint research work in such a short period. The management of
conditions necessary for experimental research and O&M of the DHS plant has not been sufficient.

3) Difficulties in maintaining required conditions for the experiment

During the initial stage, the delay of construction, insufficiency of influent water volumes to the UASB
due to power outages and other factors, and high value of the BOD in the DHS influent was not properly
managed through O&M and removal of sludge. These factors have been influencing monitoring and
analysis.

3-5 Recommendations
(1) Clarification of performance and advantage of the UASB-DHS system with continuous
monitoring and analysis

The relationship between influent quality (BOD) and quantity (MLD) for achievement of the discharge
standard (30mg/L) needs to be further monitored, analyzed, and clearly presented. In addition, the
UASB-DHS design and operation conditions for achievement of a new Indian discharge standard
(10mg/L) needs to be analyzed and proposed. The comparative assessment of all relevant parameters in
addition to BOD is recommended.

(2) Revision of the UASB-DHS Design Guidelines, O&M Guidelines and the brochure

The UASB-DHS Design Guidelines and O&M Guidelines need to be improved by reflecting the
results of further analysis to achieve effluent standards as mentioned in the above (1). so as to include
more comprehensive information to the extent that enables the Indian side to independently design,
construct and operate new DHS plants under the Indian context, as follows.

- Measures against various UASB influent qualities, such as high BOD, COD, low BOD/COD

- Measures to meet the prospective new discharge standard of BOD <10mg/L

- Demonstration of the relation between influent BOD, effluent BOD and HRT, which will enable users
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to adjust the operation of the DHS system to various UASB and DHS influent qualities

- Re-examine the appropriateness of the total cost of the UASB-DHS system using the cost estimation
of construction of actual plants instead of a proto-type experimental plant.

Furthermore, it is recommended to improve the existing UASB-DHS system brochure so as to make a
stronger case on its cost- and energy-efficiency compared with other STPs, and to target the concerned
decision-makers.

(3) Roadmap for dissemination of scientific achievements and the DHS Guidelines for
policy-makers and stakeholders to promote practical application in India

In order to promote the application of the DHS system in India, NRCD shall take the necessary action
to disseminate the scientific achievements and benefits of the Project. These Guidelines need to be
circulated to the State Governments and all the concerned decision-makers. The State Governments, as
key stakeholders in charge of decision-making of STP technologies, need to recognize the advantage of
the DHS system. A roadmap for promoting practical application of the DHS system in India needs to be
developed, and necessary information dissemination for decision-makers shall be completed during the
Project.

(4) Continuous research and development and adaptation of DHS to the Indian context

While it is stated that further research and development is needed to adapt the DHS system to the
Indian context, it is not clear how the present research activities will be continued following Project
completion. It is recommended that the Indian research team continue planning for ongoing research and
development of the DHS system before and after the completion of the Project. Japanese researchers
should increase technical transfer of research and development to Indian researchers during the
remaining period. It is also important to mutually share the results of the research, including those related
to the sponge media, prior to Project completion.

(5) Continuous O&M of the UASB-DHS system and provision of necessary technical support

The DHS plant needs to be regularly operated based on O&M Guidelines in order to maintain its
function and avoid damage to the plant, including the sponge media. It is requested that the UPJN
ensures allocation of sufficient personnel and financial resources for effective management of the
UASB-DHS system and related analytical equipment. It is recommended that UPJN prepares a new
location to move the analytical equipment to avoid further damages due to corrosive atmosphere, or take
necessary measures (reduction of H2S concentration by AC maintenance, de-humidifier, repair of gas
pipe, continuous flaring) promptly to avoid further damages of analytical equipment.

It is also necessary to monitor the performance of the DHS plant after the completion of the Project.
CPCB may regularly conduct sample analysis of the effluent water from the DHS under the supervision
of NRCD. Since technical difficulties may occur during the continuous O&M of the prototype plant,
Tohoku University should maintain contact with UPJN and provide technical support where required.

(6) Planning of joint research paper(s) and presentation at international conference by both
countries’ researchers

As SATREPS is a joint international research scheme, a plan for publication of joint research article(s)
by the end of the Project should be proposed to communicate the scientific outcome of the Project, and it
is recommended that these findings be presented at an international conference.

3-6 Lessons Learned
(1) Prior confirmation of the experiment site through preparatory studies

Due to insufficient verification of basic conditions of the experiment site, such as UASB effluent
quality and quantity, the Project encountered unexpected challenges when operation and monitoring of
the DHS plant started. It is necessary to conduct a thorough preparatory study of site conditions prior to
designing new facilities and conducting experiments, and take necessary measures against potential risks
well in advance.

(2) Dispatch of long-term expert specializing in the DHS

Short-term experts have periodically been dispatched to monitor the results of DHS treatment during
the Project. However, during and after the completion of the DHS plant, the Project lacked the permanent
presence of a Japanese researcher who could coordinate with the Indian counterparts on a daily basis to

XVl




control basic conditions for the experiment. For a project, which involves construction and O&M of a
prototype plant, further time and human resources need to be allocated for smooth operation,
communication and troubleshooting.

(3) Strengthening communication and institutional co-research partnerships

In situations where research is not conducted within the partner research organizations, greater efforts
are needed to build institutional co-research partnerships among corresponding levels of different
research institutions from much earlier stages. Further efforts are needed to maintain communication
with various stakeholder organizations in order to overcome the challenges of complexity and distance,
such as by increasing the frequency of face-to-face meetings, joint organization of events, or publication
of newsletters.
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R ARAF £ BR SR (Central Public Health and Environmental Engineering Organization :
CPHEEO) . [E rERE: T50F%EFT (National Environmental Engineering Research Institute :
NEERI), IIT Roorkee 725 WA K7 A L FEIZHONTOa Ay bR S, [FF 9 HIC
A ¥ FAATEL - HFFERIRE Z i~ L TR TRE LZRBEZEIC T, Thbo Vo7
MTOWTHER RSN, TORLIA FIA VREOBENMESLTND

2) UASB-DHS v AT ADMEFFEE AT A KT A4 DIERK
EiE 1) LFEBEOHERRILTH D,
ZDIED R 2 DFTLHAKT L LTIHA R4 OERFBEREFEND ) BH Y,
ER. ST A RT A4 o Z&iEH LT 2016 4 2 AT DHS ¥ A7 AIZHR D BOR IR EH 1T
DU—ra vy (1 B & BfENFE R TOT (3 Af) AFEI TV

3—1—4 mBE Ty Ty ) OEARD

TODOKRE (T RNy b)) OEBKRIZ. LTFTOEBYTHD,

RE1: AR T 7 I7HO PRSI R EET 2 DHS 258 L. UASB-DHS v

AT LD T ARUBEA~DE M % FEFE T X 5, [The applicability of Up-flow Anaerobic
Sludge Blanket (UASB) — Down-flow Hanging Sponge (DHS) system for sewage treatment
in India is verified through a continuous operation of the newly-established UASB-DHS
system in Agra, Uttar Pradesh State.)

<FEHE 1-1>

& 1

B AR DS 1 4ELL B L CHEKFE#E D BOD (Biochemical Oxygen Demand) 30mg/
Uy MCHEGT D,

Effluent water quality continuously meets effluent discharge standard value of BOD 30mg/(
for more than a year.

H o MAKORE - HORMFIT, HEREICEFEELTHARN



K3—1 DHS~ADRAKE (2014F 7 A~2015%F 10 B)

DHS ORAFMEREIZ DWW T, 2014 F 7 A X0 & TRFHRFICE 2 £ CHEf @I L 5 KEE
=X Y TNERENTWD, RIDHS 77 > Fof%it Eo 1 B Y720 B KE2 SMLD Th
HOIZK LT, TE=H U 7S HNZIZ UASB 77 > b D OALER K DA ENRRE L TV
Teo ZOBMIT, BWEEFEORRKIZ XL 5 AL ERESMLE, MAGFTOMEETCHZ, £/
REICCIE T ARKO BB OFFEREEZ B2 572, F/K2S Dhandupura FAKALERG (282§ 5
AR o 70 B IEEEY D)~ S 4, KL BIR~DIEKDORAED AR LT Z &
NHER SN, WHIOHKDOHARERZIZHOWTIL, UPIN (x5 LI OB h & Ry 7Tk
KT D LD TR, 2015 IR B S E S LT,

7 72 ® DHS 77 > Fi%et B UASB 75 D AKE 1L, BT —L D F KA ORI

IZES& BOD60mg/V » MBI ERE SN, LML T 77D UASBAE KL, 7V > RF
¥ 2N — DI O MERFE BRAS R 5E @%ﬁ X0, FEERIZIE 60mg/ VU v RV & KRIEIZ EE - Ty
TTbDOD, ZOREBITFEYIITI SN TR LT, 77 MET - EmERBGETIC M
DI LT,

KR, =XV U IRBEND 360 HEETOT—XIZXIUX, WAKT —H D 57% T BOD
25 100mg/V v v % EElS Tvie, S OICHEHEICIE, MAKZEERNTZD FARBAHRE T
BOD fEXCV# I 'E  (Suspended Solid : SS) DE R < 72 DM NBIEZ S v, EAEHT 52 &
bdholz, 7uY =7 R UPINIZK L UASB D A LT F o RTHOWTH LANEIT - Tl 5.
UASB DOiEfR4 2 X V. DHS ~DO i AKE D BOD 134k 2 12k #E S, 100mg/Y ~ VLI F T
BETHE DT/ o72, 7272 L DHS OAELK 30mg/V v MVEZERT D Z E1HIFE A L)

>7,

STAZANBLIATA



HiFT : SATREPS #ff 98 7 — A ERLE B}
M3—2 BODIE’ (20144 7 §~20154 10 A)
(K. UASB sn3g sk, DHS AniEsk. FPU ALEE/K)

HiZ L 4% DHS OUE/KEDEZERT 572012, BMh% 416 H H2>5 10X DHS ~D i A &
Z 3MLD ICE® L7z, ZO%X, DHS LKL 30mg/V » MAVLLFZERKT H L 52727,

HiIFT © SATREPS BF 58 F — LA ERCE #}
3—3 DHSAMFAIKE DHS MLEKD BOD fE & FAE & DR (201457 B ~20154 10 A)

DHS ~? g Ak & DHS ALEE/K D BOD fi & i A& & DBIFRIC OV TIE, T E TOMkfEE =
ZY L TOMRICEY . ROKNEESHINATND,
TEANE SMLD C/KERZEH) R [ (Hydraulic Retention Time : HRT) 7% 1.44 IRffi D 54
TIZEBW T, DHS ~DIAKE N EEHEAETH 5 BOD60 mg/V » FL % kRl 72 f5 5
DHS ZLFEK 725 30mg/V v bV & TEILFIIEENLTH -7,

7 BOTt (BOT total) Zf& L CTHliMH



A% 3 MLD (HRT % 2.4 K¢f#]) & U725 Tz W TiX, 30mg/V v hVLLUT i
4ozt

EIATARELAH L THEONE#RE LT, T4 4> FEJFF (NRCD LT CPCB) (X F
IRAVERIG s 5 D RAK DK E R LK 38D EBVSET - AL, 5% SEMTA v Feato
PN - BROO TR CORIBEHEDNATFEZ D ST L LT 5,

FREEE X, A FOBUTHRERE FHEME AAROEME (f]), KEFFRBRICEB T HBED
DHS MLEKEIZOWTE EO7-EE LI TIZRT,

&3 —8 TKRKUBGFHHRK~DFERAEE (F) *

aeon | T R s s e
BiAT I UE) e (51 - g 1Y)
1. |pH 5.5-9.0 6.5-9.0 5.8-8.6
2. |BOD mg/V> L 30 10 15 37
3. |coD mg/V P 250 50 - 72
4. |TSS mg/V> L 100 10 40 39
5. |[NH4-N mg/Vv kv 50 5 - 6.8
6. |T-N mg/V> kv 100 10 20 16.7
7 |Fecal Coliform |MPN/1003V <100 300,000 (3,000/3|5.79E+06
DA% PPN,
8. |PO4-P 2 T-P 3 T-P  6.51

HUAT © JICA FAA M VERK
SZ #2015 4 4 A 21 B CPCB 30 No. A-19014/43/06-MON hittp : //cpcb.nic.in/Mghlya_swg_18
(1) (b) _2015.pdf
*REBEHRZREAMU Eao—hLar Py ML D REEMMAEDO A TV A LR— b
Z FRICERR

KISV OHHAIND LB, AV RICTAHABREATEOHIEREIL, BAROEREL LTH
R KA L T o TN D, RRFMHFIHAE O —BR TR O 7 AICHEUS L7- DHS QABKT —
A ROBATHRAEL T 5 L, BOD S0~ OEA2RE, BBUOREEZERL WD,
LU EEE T2 & W T OEREGZERNEL o TWD, T U E=TEHR, RER,
S AEPER GRS, U UBRE Y L O RYEIZ SN TR, SR OB IR 78 E A S
DEMRBME L 2D, £, HEEOFENIZHV, 4 > FUBIREEIIABIZEICEEND
BOD fELA D AKBEHEHBEICHOWTHELEZE L TV 5,

<FEEE 1-2>

& =
BEFE D FAKMLERE AT & DRl L W . UASB-DHS 3 AT A DE T X)L F—2h BN
=hb

UASB-DHS system is demonstrated to be more effective in terms of energy conservation.

EISTOREEEY — N TIREEGFE F AL RICHEA_REE DR LXF—12 U T2 BECETF TV 5,



TuY /7 MY, BRI RE L AMU OF9EE F— 5755 DHS OR%F M FEl o 72
AV KRNI 2 BB M 2 7z FAKLERS O RN T — 2 2 IE LTz, ThbHD
FE R A& BT, 2015 AT FAKLEREN & OB VEHEFHG IR 2 m— D ra g o b
ZRtiHA 27 JICA BiHF = ChLs L7, [REFEME I TH D | & 3-9 134F 2 B E/ T &
DEHFHE D 5> LIS EE SN ORHER E2 £ L OB E/RRETHDS, TOEERRIC
X, BB E (MLD) 47-=Y @ UASB-DHS v A7 ADFHX A28 = )L X —Zh B RIE
N7z, BRI TH R TIZIDHS AT A0 BB EIX SMLD & L CitR - i EnTcns,

£3—9 MERMIATLEIRILF—EEDLE

e At (MLD) &&fiiﬁzm BRHEE BOD
AT A (INR/MLD/ A ) (mg/V > kL)

78 UASB-FPU 1,000 61

TTZ 5 UASB-DHS 5,000 29
24 UASB-ASP 27,000 42

7 — 10 ASP 61,000 9.5

N Y 10 MBBR" 88,000 4

NY R —)b 27 SBR' 25,000 15

F o REBWHFERFELEe =T v a g s MCEAREEFMFAED A 7 VU A LR — b & EITER.
ZDWEETIX, TFAME T T b (Sewage Treatment Plant : STP) fiR| Z & OFRAENREN 1 HFTd o
WREESNTWDD, T =2 OREME - —BEHRAOBLE LD & THEFEM CIZARED STP (2o
TRGEOBMBRES ICED Bz, UASB-DHS (. SMLD &R O EXIHE & TH Y . BOD TN
HMORBARDETH D,

R 2 0 UASB-DHS ¥ AT LD T A RTA R OHERFE BT A K74 U PRMER S, %
O O K EHE D HEf 415, (Design and O&M Guidelines for UASB-DHS system are

drawn up, and dissemination plan for the Guidelines and Manual (Draft) is prepared.]

<FEEE 2-1>

8
UASB-DHS ¥ AT LA DKEFHA KT A4 5 NRCD % HOICHERL &5 BIR BT RE RS
~fEHENn 5,

Design Guidelines for UASB-DHS system is presented to NRCD, UPJN and CPHEEO .

¥ 2015 4% 5 4 ~2016 4 2 A2 Effi,

BRI E L, Bl CERKMNE BNIE & & T ALY O IR SR L RICE T Tz,
10 FRENR S N1 AU T 2 #— (Moving Bed Biofilm Reactor : MBBR)

" Aoy RS #E i (Sequencing Batch Reactor @ SBR)

2= a T WEA  RBUFIC L KB DO TR E NSLER =D, AV FEDHHBEICLIVDOBIZHTA RTIA AR



<FEHE 2-2>

g =
UASB-DHS ¥ 27 LADHERFE B A K7 A 7% NRCD % HLOIZHERL & 4 2% BAGRBUR
E~EH SN D,

O&M Manual (Draft) for UASB-DHS system is presented to NRCD, UPJN and CPHEEO.

B 2 OFFEE 1 LHREE 2 12B L Tl A TR At TR SN 7=5 5 B A RIREZ
B2 (JCC) IZBWTHRHO RT7 7 MRSz, FATA RT7A4 X 2014 4FRKIC KT 7 b
TERR & H, 2015 4E 7 H £ TIl2A > RO WG A > 23—T¥ 5 CPCB, CPHEEO. NEERI, IIT
Roorkee 756D 2 A 2 NELY FHTF 372 Sdu, & TRERHMEE S CHEREGTH Th 5,

INBHARTA L ONFICTEE L THEFE LR R. 2014 42 7 AL EF © DHS 77 > |k
HGHERS - KET =X Y > ORER L HE, BFEME LG MRE OSSR, Hi R E~ DO xS
IZOWTOERE KPR+ ThdZ ENERI L, FrICT 77 TOIFEIC L - TH S -
7oA v NIZEIT D UASB B KD FEF L E X, LT LLEUICAE I TR
UASB ZHKCTHMImEELERLTE DL, HOLBREDIEL b -7 A Z B8y DHS
VAT AEFERMEL T OMENR D D Z MR ST,

3—1—5 uyzZ FHEOZEMREN

Tyl NEEE DRV X (- HERFE R - B RS - R = A M D i G AR BT L T KL
PRELN 3P SN D,
T IST ORH HAE S — N CHEBEE FARRBE NI _REE = RINVF—12 LT, REVGREAEE 12 LT
RECETTVWD

B a L g s NEFEIC R Y FEE U 7 R MR LR A A A O B E RS SR 1T L ALiE. DHS
VAT AOHAL MLD %4720 O 3L X — I IIMO FAMEE S 27 AL L TR L TR<
BRI A & A ERFE R IR VIR AN TV, RBREE/ETIL DHS VA7
L0 BPEEITSMLD & LCHAEIR TV,

fL )5, DHS ¥ AT ADOHAEZE IO 2T AL R TEETHD Z ENHALE, £
DERELTEEIETT > FTH VGBSO BE#RESE G 2 & CHIRA LB = 48
THDHIENETOND, LEEBEDOILRSS DHS O FIZFEV DHS ORG3EAFENAIRE & 72>
TS a OB R LERICHWS Z &, KOG A 7Y A 70 aX k- TEAA MIBW
T DHS ¥ A7 LADOREN BN Z R T REND D,



£3—10 FTKULEZEDOLAME®E. OM O R b, FEBEEDLLE

. o : - Hl T T 0&M = A K /ﬁ‘/ﬁ:‘%\\éii
% At |&&E (MLD) VABZIRES ) (INR/MLD/ | (b /4
(m*/MLD)
H) /MLD)
78 UASB-FPU 1178.95 0.08 8.16
777 5 UASB-DHS 430.00 0.20 8.16
24 UASB-ASP 821.25 0.42 21.39
7= 10 ASP 856.00 0.91 11.6
N Y 10 MBBR 710.00 1.17 22.64
NY KT —)1 27 SBR 702.22 0.49 29.29
& BRENEERFEE = va g s ML DREEFHIAED A 7 U A LA — M &I
BB,
K311 BETKMEBEOEXRELSATHA VIR MR
HER Life Cycle Cost
U EHEES FIT{E Ht MLD/H (INR (in lacs) | (INR (in lacs)
/MLD] /MLD]
TF+Densadeg flopac  |Bangalore 60 116.73 339.73
UASB+DHS Agra 3 269.5 304.15
UASB+DHS Agra 5 161.70 182.49
SBR Haridwar 27 99.27 149.79
MBBR Bhiwani 10 75.25 195.78
EASP Delhi 10 71.11 164.77
Trickling Filter (TF) Bangalore 120 67.76 94.68
UASB+EAS Agra 24 66.24 108.39
UASB+FPU Agra 78 62.05 69.99
T REBNEERELr— a2 MR DRFEEFMRED A 7 U A LR — b &I
A A MR B

3—2 EEIOoER

3—2—1 FEhEikil

2010 4 9 A AT DAV GRS E A T, A > FlIZ NRCD, UPJN, CPHEEO 73 {t#
FEHiFRd, CPCB & AMU 23 AW 78RR & fLiE D1 H v Tz, 2 9 H NRCD & UPIN I,
FhathE & U CREERIC AR RO R E BRI D> T, 7272 L, UPIN IZOWTIHEER
D NB RPN RGBT LR TG OF R OEH R, el =l h e v RV A b
(A MAF LT aTREME DS B AIBIMRE N TR S vz,

TAMERE AN ORE - RIE & RFHRE MR E H~ =2 TV ORTEWE TH 28 HBRAE T
® CPHEEO, #E/AKMHI « &P « 5l 21T 5 CPCB 1T oW TiE, 2015 4E LW A KT 4 WG
DAN—HEEE LTSHE LTS, 7278 LitMiEHE R E AR U BE L2 L0 HIREMN 72
BEIABRICEEESTWD, 728 CPCB (T DWW TIE, FEAIGHEREMRAIC TR S L7z IT
Roorkee (218D A > FIMFZEREEE & DETH o 72, T DIE A > NESLEREE LS00
(National Environmental Engineering Research Institute : NEERI) 7% 2015 42X ¥ Eil WG A >
—HBE L LTART B =7 FOIEENI b TN 5D,



A > RAHIWFZEREEE & o HRIAF TR HIT Y IS S TR &9, IIT Roorkee X TN AMU & ot

FIMFFEIZAR D A ECEOMM I T vy = 7 MEFD 2014 4 7~10 H, C/P O7&FITE 2015 4F
1 HOH 4Bl JCC £ TRIFIZEIE L=, £OREE., EERILFENIEOMRBEIRIE G, 1 NI
BB O A —F — 2 v TEERSCX v XU T o BT 4 7 REEKTHOBNREMEZR EIC
WEBLEEZ WD AREERD D,

7 hZ A 7L L TO DHS EIF 7T v b OBRR K OUEE MRS, i TR A2 FEET
AEREILE Lo bbb, NI TN a—TFT 4 0 VBT AHENERE L-BBIZEFD
JEZ DU THEAIT I K OB B CAE Y O R % £ - 7=,

3—2—2 aIa=r—varv
(1) AFFAEZE S (Joint Coordinating Committee : JCC)

A7y =7 FTIRICCEETRBAMEST 2 Z L35 1 RICCEFHE TRB SN TV, ICC
FART v Y =7 NOTFEIREOER ZE L, FRIGFHE 274G L, FEHR oSS Bz
X LTHEETOEEZHE S, ICCREFEFITILTDLEEY,

#3—12 JCC BE=E#E

I N IS
Bl 201241 200 (A7 Yy bOE, Eiitmic oWV Cig | 244
2012 4FE D EREN A . PR FEHIFHEIZ DOV T

S 23 4
" 7 27 DHS ik LFEOBRIE, A N7 A RO
%3E2mﬁﬁuﬂlﬂﬂﬁ¢¥®ﬁ%%mowf%% 24 4,
TR VEREMM A O T 7E | LRI SR BE o 75 Bh 3 i
- UASB {GIRBREIC D DFRE, A KT A4 %
AARHN IS TV OR 10 0 fpfenk £ v s—sttih, e TRsspmorsy | 20
(ZOWT ik

B 50E 2015 4F 11 H 6 B | #& TRFEHN O & [RFHN L AR — R OF R & Wik #920 4
T © B A ABFZEH AR O 6 T W5 0 1 4 JE IS VR

% 2[E20124-12 H 12 H

(2) ApEEEER
Vel NEBTEEEMZEAFL LY UPIN ° NRCD & #EECRRES IC W T o
HaEITo Tz, PIMESYNEE A Eit S, ZO%IIM#ET &S FENE Uz L & IChERER#
EhbdE oo,

(3) Fmvx=r MEERYHA

AT REREN £ TIZH ARG EE 6 BlOEEFEFHAEMDIRE Sz (JCC3 [\, HfE L
Pa—, DHS 7S v hTHEaIva=rr, EBY—7 2 g v FBEE),



3—2—3 HHLEa2—KORSITHT D5tk

(1) DHS 77 > b O OIRIE T %3 5 sl
DHS 75 > F O@E%EIE) UASB-DHS o AT LA DMRHLIRE =% U o 7 0 Iz 82
ERIF LI, 2014 F 7T AT 70 RBIRERELLEZ EnD, FALEGEE=2Y 7
NN R gW

(2) F:[EWFFETE B O

WAL KR F13 2014 4F 7 A 12 T Roorkee D% & 7 277 DHS 77 > b & H W T2 s e AL 52
BRIZAR D 6B SCE ARG L. IUT Roorkee OWFFEFE 237 777 1 Z K HIHAE L siioe AL 8 52 5k L2 0
béiﬁ_&otoit%ﬂ&mﬂ%ﬁ%i\NM&AOHKAMU®%ﬁ§®M%7w
— 7L TOR ZfEfE L, FARLEENO = 2L —2h3 « JGIRBER - RFEMEICBET 25
i E A2 FCEHT L LR o70, AMU [3RHEABEO ST — X REFIESL R T 7
FUAR—=NMIDOWTOEIE « 2 A MEITH ELBIT, 4 FENORG T RKWLES DT
— ZEAEICEIT LT,

(3) WEATA RTA L O&M HTA KT A VEAERA~D A » RAIBAFREEEI D2
AT A RTA v - MEFFE BT A KT A > OFERRICE L CTiE, 20154 1 A D% 5 8] JCC

DREFHIZESZT WERHEEL, A Moo a 2y N TR iTbiiz, 777

D DHS FZFE7 7 o N TOHEMFIE - W ORRZ T A RTA NI SELUNERH D,

(4) =R LX—THEITHRDRBFE T OMEE

TR M LB REAM N LB 7 A > RELHL D F/KALERS O 7 — Z ISR - 4387 53 B R U288 O
HCIERETH 72720, a—hrarH Ly NREEZIEHT L 2L &L, RIS
FRFE AMU DHFEICRIFAEO EMEHAZITH 2 & & Lz, [FFHAIT JICA BLHFHE!
XU, 201545 A HE 2016 42 AT CEEF TH 5,

3—2—4 FEESLHERIUIH D DHILEER - (EiEEK
(1) FHrEARICETZ &
1) DHS 7' 7 > h&kdt o 7= O F it f £
DHS 77 > MR OFEMER G & AFLKENER SN2, DHS 77 v h ~Dit AK
BIZOWTITEBOBE TEM TH ST 77 O FARUELS D UASB DALEEKE Tld/e <,
TV T — IV DRRER % FIAER B TNz, T OREFE, EFED DHS 77 h~D it AKX
D BERE DN EREHEE & KIEIZ 570 5 EHHEDOHUWRE & L3 i, F7- 1 > NAIBREE I
®3 57T FERE M OVERERBRIC LB SO (5] : DHS 77 » b O#E LDk
AIKFEAEIT BOD 60mg/ U~ MAVLL R Th 0 | FEhr B FIKAEZ T B 5 i AKOIREE %
FBTao0ERH-7-Z L) OFRBRFPADRARE L W, LERERKFZEX
LZONRKNEEL 720 EBRER L,

2) HEEHIINERA L MMIlEDa I a=r—v g U EOERLA
H A28 O BTSN A 23 B O THBIM Th o 2F 0B HRIC K D . FHEOEEKDN



@E@%@%ﬁ%%%ﬁmsf?y%®%§ﬁﬁi%%%#ﬁf@i%ﬁ%ﬁ:omf
A v RIERFEBIIC i izE L, W L, AR IERR 2 R T Wi o 728
NS h 5,

(2) Efi7 et AT 5L
1) EFEBFFEERH OMEDEN
LR IERE B O fR & B D . BRI ILFEBFEESIO ML BT, EE 5 2 - HRA
DOEDLELT, BEffma—T ) =7yl bAoA b OT 7T L, LT3t
[FIBFTERERE & D HIBRAOBEEEDS KIBICEEN TR Y . /S— = KRZ~ORPCWHED =0
DFIMBNEETH > 7272 WG RFD EALOEEE %8 S 3A A TERRE A EEE 2 4R 2 )
FEDRANZ D72 N> T AlREtE N i b b,

2) BANEMZOIREYIMOE S

AARNFEHEMEOIREM BN E < FEHE OFLHR 22 BLHITES) B BUIAF - 4 R
M, =2—7 UV — - 77 I7HOBEHLEDTSHENLTHTHSZ, ZOLHIZHEWN
B TA v MMl C/P &M RBOR R 250 LAV, LEMFESLHINBIE AT S 2 &%
HEECTH o7z,

3)%%%#@%%

B LEOENR, UASB ORI RG IR S E N A SN TRV ETEL
7= DHS ~DOHt AKE OIS, 58E%1C & % 0LH WEO)T,@:@# FE=K Y v SIEE)
XD EE G 272, UASB OFMEFFE FLRIEIZ DWW T 2014 FRIETAH LD
UNN_ﬁL@ﬁm@®z£@%$bﬂnk%®@ BB a Ly 7Ly —% A
FTERVEOHBIZEY . FORBRBREICIES R 7,

3—2—5 JSTER

SATREPS O = 7% A k (http://www.jst.go.jp/global/kadai/h2206 india.html) (Z$5# T & TH
. FV¥A FESZROZ L,



FHAE FHESEBICK D00

4—1 ZHHM

T%D\BJ

K7 vxs ME, A2 REJFIZ L D011 L & FARRBUZ )b 2 B0R & B AR[ORA R
BEBORIZHEAS L TRV, UASB OB kL L TEAN—ZDNIEDOHFE &\ ) S TA
VRO =—XIZEE LTS, ZBHEKESIL, UASB-DHS ¥ AT A~DBELAEV, B%T
LSBT E N NEBRNI S OFEES . RIS 0 o DR, WFZURSES LS oy i, @Yl 7
BB BE ST WD, BARBGFZEHET X, & EE CEA TR FARLEEIFOBRRE O DIz
DHS #Hfrof 72 < FEMmL TR Y | HEINEMERH D VR D, vy =2 FOFEGTIE
BB HEE LCHEYTH D, LN TREYHEITEWE LT,

(1) BUE & OBEAM

A 2 RIXES 11 R 5 WAEBAFEEHE (2007 4F 4 H~2012 42 3 H) (238 T 2012 £ F TITH
BN A ~D EAGEEAS R OVEK « FAERR OEBRZBORBE S LTHBIT TR0 . &N
PRI Ll iE i 22 BB T BAFE R 2 3RE L. e < &5 12 R 5 WAEPHSERTE (2012 4F 4 H ~2017
HF3H) ITBWTH, RIS FK - R OBE A2 EBEBORBEME L LTI Wb, &bl
B 1L 2005 45 12 A0S 7 BAEGHEICHAE o 7= F 2 65 Mz xR &3 2 EFMITTHA
v v a » (Jawaharlal Nehru National Urban Renewal Mission : INNURM) %52 L 5 X4 L
CHEMRI 72 T K EHEAR 2 1 T X 7=, MoEFCC X, I OKEhkEEZK D=0, EZR)IR
471 (National River Conservation Plan: NRCP) % % 3K & L, ¥ A7) 11#{b 7 (Yamuna Action
Plan : YAP) ° > ¥ A LEtHE (Ganga Action Plan : GAP) 72 & O] )11 BIv5AL 51 18] % 1E R
L. TR OfE 2D T\ 5,

(2) BAROEBBUR & O

[t > FERFZBEE ] (2006 42 5 H) ICBWT, EFKEXES EC-EN - BEE
MEOSKELZERAEOOESE LTEFTRY ., WL & OBRICB W T FAKLED L
EEEDDELTND,

6T TxbA > FEERERMGE (2011 426 A) ) Tik, EBESSE BN E K V&
ZENZKRT DM ] OROBFERE THTEREEOWE] 2B\ T, DKE R OKER
B (R TFKEMORE L O - EERE) 7a /758 #2BF B, A7av=r K
. RI7a 77 MMESIT o TNnD,

(3) =—AX~DOxfIn
A2 RTIE 10 FEU EO FALBERREHA SN TWDN, Uy X)L TI7F7 v a2l & mh
LM 60 YA EOMFRBICE I SN TWD DN UASB-FPU ' AT A Tdh D, Z OFIEITHR

BOERRIO VT 1 v 7, T THEIE ) TR TR TR 0 5B L Lic, 7Y x s MET IR &
TIFICHIAD DEREAHB L, (5 XL TSI e, THEBEE W] IZBBHRER LTS Z L, THRERE)
ERRAHRETHS 2 b, TR R P REICGEL TWAVWZ &, M) EEEMITEEAERSATNAN
Tl EERTRET, ERER, BIEETHIRMEEREORCL LT, ER SN AE RIS T2,



WA LTCLAHETH D720, BEHEOR KB R E OB N A E TIEEOREZ 2 1TI1T<
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Project Name: UASB-DHS Integrated System — A Sustainable Sewage Treatment Technology

Representative Agency: National River Conservation Directorate, Ministry of Environment and Forests (NRCD), Utier Pradesh (U. P.) Jal Nigam, and Central Public Heaith and Environment

Engineering Organization, Ministry of Urban Development {(CPHEEQ)
Research Institute: Aligarh Muslim University (AMU), Central Pollution Control Board, Ministry of Environment and Forests (CPCB)

Project Period: May 2011 to May 2016 (5 years)
Model Site: Agra, Utter Pradesh State

Ver.1.0

Date: June 7, 2013

Narrafive Sumrmary

Obijectively Verifiable Indicators

Means of Verification

Important Assumptions

Overall Goal

Project Purpose

Anovel sewage treatment technology, which is appropriate from
viewpoint of energy consumption, O&M, land requirement and total
cost, is developed.

Output 1

The applicability of Up-flow Anaerobic Siudge Blanket (UASB) —
Down-flow Hanging Sponge {DHS) system for sewage treatment in
India is verified through a continuous operation of the
newly-gstablished UASB-DIIS system in Agra, Uttar Pradesh State.

1. Effluent water quality continuously meets
effluent discharge standard value of BOD
30mg/L for more than a year.

2. UASB-DHS system is demonstrated to be
more eflective in terms of energy
conservation.

Output 2

Design and Q&M Guidelines for UASB-DHS system are drawn up,
and dissemination plan for the Guidelines and Manual (Draft) is
prepared.

1. Design Guidelines for UASB-DHS system is
presented to NRCD, UPIN and CPHEEO .

2. 0&M Manual (Draft) for UASB-DHS
system s presented to NRCD, UPJN and
CPHEEQ.

Activities for Output1

1. Procurement of media for DHS reactor.

2. Design and construction of UASB-DHS system

3. Continuous operation of UASB-DHS system and evaluation of the
applicability for sewage treatment in India.

Activities for Output2

1. Preparation for Design Guidelines for UASB-DHS system.

2. Preparation for O&M Manual (Draft) for UASB-DHS system.

3. Training courses with prepared Design and O&M Guidelines for
UASB-DIS system.

Input <Input from JICA>
1. Japanese Experts
(1) Long-term expert; Project Coordinator
(2) Short-term experts {researchers}
« Leader
- Sludge Management
- Environmental Microbiology
- Risk Management
- Plant Management
- Sewage Treatment
- Sub-leader
- Wastewater Treatment
- Environmental Management
- Plant Technology
2. Machinery and equipment
- Pilot plant for sewage treatment
-Equipment for water quality analyses

3.  Training of Indian Personnel in Japan

Input <Input from Indian side >

1. Assigning C/P personnel

2. Buildings and Facilities

3. Office space for JICA experts and
meetings

4, Facilities and services such as
electricity, gas, water, telephone

activities

6. Land, building, utilities (such as
electricity, water and gas/oil) and
personnel to operate the

“UASB-DHS Integrated System” at

sewage treatment plant in Agra

5. Operational expense for the project

- UASB effluent water quality
(influent of DHS) does not
fluctuate significantly.

- Construction work of DHS
system will not delay
considerably,

Pre-conditions

b

Nad
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Evaluation Grid! of Terminal Evaluation Study?
Praject on TASB-DHS Integrated System - A Sustainable Sewerage Treatment Technology

1. Achievement
Evaluation Evaluation Question Information and | Information | Survey
Item Main item Sub item Data Source Method
Project A novel sewage Information and | Experts «+ C/F, | Reviewing
Purpose treatment technology, opinion of C/P Stakcholders, materials,
Achicvement | which is appropriate and Experts, Views | Study Reports | Questionnaire,
from viewpoint of of various Interviewing
energy consumption, stakeholders
0&M, fand
requirement and totat
cost, is developed.
Qutputs [Output 1] [Indicator 1.1] Effluent water quality Information and | Study Reports, | Reviewing
Achicvement | The applicability of contimiously meets eflluent discharge opinion of /P Experts - CT materials,
Up-llow A nacrobic standard value of BOD 30mg/L 3or less and Experts, Views Questionnaire,
Sludge Blanket than 30mg/L more than a year. of various Interviewing
(UASB)— Down-llow stakeholders
Hanging Sponge [Indicator 1.2] UASB-DHS system is Data on energy Reporton Reviewing
(DHS) system for demonstrated to be more effective in terms | saving and energy saving materials
sewage treatment in of cnergy conscrvation. efficicncy data and cificiency
india is verified
through a continuons
operation of the
newly-cstablished
UASB-DHS system in
Agra, Uttar Pradesh
State.
[Output 2] [indicator 2.1] submission Reviewing
Design and Q&M Design Guidclines for UASB-DHS system materials,
Guidelines for is presented to NRCD, UPIN and Questionnaire,
UASB-DHS system CPHEEQ. Interviewing
are drawn up, and [Indicator 2.2] submission, Reviewing
disscmination plan for | O&M Guideline (Draft) for UASR-DHS prospect of materials,
the Guidelines and system is presented te NRCD, UPIN and submission Questionnaire,
Manual (Drafty’ is CPHEEQ. Inierviewing
prepared.
Inputs Have Japanese side Confirmation of inputs below The numbers of Various Reviewing
Achicvement | inputs been provided = Experts inputs, expert reports, Record | materials,
as planned? Long-term experts {coordinator) specialty, term, and | of actual Questionnaire,
Short-term experts  (researchers) duration achievement, Interviewing
* Machincry and cquipment Expats * CP
Pilot plant for sewage trentment and related
cquipment
* Equipment for water quality analyses
* Trainings in Japan
Have Indian side Conlirmation ofinputs below Personnel Yarious Reviewing
inputs been provided * Assigning C/P personncl arrangement, reports, Record | materials,
as planned? * Buildings and facilities Facility inputs of actual Q““Sﬁf’“'f“""c’
» Office space for experts achievement, | Tnterviewing
» Facilities and services such as electricity, Experts - C/P
gas, watcr, telephone

* Land, building, utilitics (such as electricity,

1 Anevaluation is conducted based on the PDM ver.1.0 (June 2013) .

2 The terminal evaluation study evaluates from the beginning of the Project to the prospect at the end of the Project.

3 Although the PDM describe 30mg/L, it is judged by 30 mg/L or less than 30mg/L,
4 A manual needs an approval by the Government of India. Therefore, a manual is changed into a guideline as the result of
discussions between Japanese side and Indian side,




Evaluation Evaluation Question Information and | Information | Survey
Item Main item Sub item Data Source Method
water and gas/oil) and personnel to operate
the “UASB-DHS Integrated System” at
sewage treatment plant in Agra
* Operational expense for the Project
activities such required budget,
* Project facility and equipment
Externai External Conditions * UASB cfMuent water quality (influent of » Information of * Experts, /P | Reviewing
Conditions for Ouiputs DHS) docs not fluctuate significantly. Experts, C/Pand and materials,
Achievement +Construction work of DHS system will not | stakeholders stakeholders Questionnaire,
delay considerably Interviewing
2. Implementation Process and Implementation Framework
Evaluation Evaluation Question Information Information | Survey
Item Main item Sub item and Data Source Method
Progress of Acfivity for Outputl 1.1 Procurement of medin for DHS | Record of Various Reviewing
Activities reactor. Sclection, Order, repords, materials,
Delivery Experts - CP' | Questionnaire,
1.2 Desipn and construction of { Record of Various Reviewing
UASD-DHS system construction repotts, materials,
Experts * CP | Questionnaire,
13 Continuous operation of | Information of Yarious Reviewing
UASB-DHS system and cvaluation of | operation, reports, materials,
the applicability for sewage treatmentin | Monitoring data, | Experts - CP | Questionnaire,
India, Evaluation data
on applicability
Activity for Output2 2.1 Preparation for Design Guidelines Design Guideline | Yatious Revicwing
for UASB-DHS system. reports, materials,
Experts « C/P | Inferviewing
22 Preparation for O&M Guideline | O&M Various Reviewing
{Draft) for UASB-DHS system, Guideline(Draft) | reports, materinls,
Experts « CP | Interviewing
23 Training courses with prepared | Training courses | Various Reviewing
Desipn and O&M  Guidelines for | by using Design reports, materials,
UASB-DHS system. and O&M Experts - /P | Interviewing
Guidclines
Implementing Isimplementation Is there any issuc in implementation If any, issues due Various Reviewing
Structure framework clear and framework? to institutional reports, JCC | materials,
functional? difficulty Minutes, Interviewing
Experts » C/P
Decision-maling | Has decision-making How was the process of Information on Various Reviewing
smoothly been decision-making (personnel . decision-making reports, JCC | materials,
conducted? arrangement, budget allocation)? Was . . .
there any incident that it toek time for process Minutes, Questionnaire,
decision-making? Experts « C/P | Interviewing
Information Have experts and C/P * [How often have the perodical meeting | Record of Various Reviewing
Sharing have good been held among the stakeholders ? meetings, opinion ml_)m-ls, JCC | materials,
communication and * What kind of measures have been | onstakeholders Minutes, Questionnaire,
sharing information? taken for sharing information ? Experts « C/P | Intervicwing
* Has the relationship been favorable
owing to communication and sharing
information?
Have the refated » In what ways the refated institutions | Record of Various Reviewing
institutions enjoyed have taken measures for sharing | information reporis, materials,
sufBcient information ? sharing, opinion Experts + C/P | Questionnaire,
communication and * Has the institutions” relationship been | of stakeholders Interviewing
sharing information favorable owing to communication and .
among them? sharing infermation?
Have experis « How was the means of Project periodical Yarious Reviewing




Evaluation Evaluation Question Information Information | Survey
Ttem Main item Sub item and Data Source Method
(including project communication? How frequenty the mecting materials, reports, JCC | materials,
employeces) had meetings were held? opiniion of Minutes, Questionnaire,
sufficicnt stakehalders Experts < C/P | Interviewing
communication?
Management of Has framework of * Has the framework for management | Checking system | Various Reviewing
Progress management of of progress been built up? of the progress of | reports, JCC | materials,
progress been * Hns the framework for management | activitics Minutcs, Questionnaire,
functional? of prearess been functional ? Experts - C/P | Interviewing
Ownership Was the commitment + How was the ownership of the Attendance Various Reviewing
and ownership of CP implementing organization? Has the records of reports, materials,
high? Project tnken the ways for norturing mcetings, C/P Experts = C/P | Questionnaire,
ovnership? How was the extent of the activity record, Interviewing
involvement in the meetings or the opinion of related
other activities? stakeholders
Responding Checldng  the * Has checking the progress of the | » Delayed period, | Various Reviewing
Measures to progress of  the construction of DHS plant relevantly | completion period | reports, materials,
Mid-term Review | construction of DHS been done? + Influence on the | Experts « C/P | Questionnaire,
Recommendation | plant * Has an adjustment of the delay of | Project by the Intervicwing
SMLD DHS plant construction been | delay(research
done? and cost)
» How was concrete influence on the |+ Checking  the
Project by the delay(research and cost), | progressof the
if any? construction
Promotion of * Has a co-research study plan been | Agreed Various Reviewing
Co-rescarch made? documents reports, materials,

+ Has both sides signed a Mol to Experts * CP | Questionnaire,
forniulate a co-research study plan, [ Co-rescarch Interviewing
clarificd the roles and contributions of | study plan
Indian side ?

Involvemnent by Indian | Have Indian experts been fully involved | Involvement by Various Revicwing
cxperts in Design in cxamination of DS Design Indinn experts reporis, materials,
Guidelines and draft Guidelines and draft Q&M Guideline? Experts + C/P | Questionnaire,
Q&M Guidcling Intervicwing
Comparison Studyon | Has the information on amount of Comparison Various Reviewing
DHS Technical sludge production and energy Study on DHS reports, materials,
Effectiveness consumption, and maintenance cost Technical Experts - C/P | Questionnaire,
been {ully collected? Efectiveness Interviewing
Progress of DHS
Local production In what ways both sides have tackled to | Action to be Various Reviewing
system of DHS sponge | promote local production system of | taken orlocal repaorts, materinls,
for expansion DHS sponge for the purpose of | production of Experts = C/P | Questionnaire,
cxpansion of DHS? DIIS sponge Interviewing
Strengthiening After the Mid-term reviev, what sorts Content of Various Reviewing
Management of mensures hiave been taken for nteasurces for reports, materials,
strengthening management? strengthening Experts * C/P | Qnestionnaire,
management? Interviewing
3. Five Evaluation Criteria
[Relevancy]
Evaluation Evaluation Question Information and | Information | Survey
Item Main item Sub item Data Source Method
Consistency Consistency with Indian + Are Indian development plans and Consistency with Development | Reviewing
with Policy Government Policy sector policics consisteut with the Project | Development plan | plan and materials,
Purposc? and Sector policy | Sector policy, | Questionnaire,
Expert » C/P | Interviewing
Conformity with « Does the Project have conformity with | Japanese Country-wis | Reviewing
Japanesc assistnnce Japanese assistance policy towards | assistance on ¢ Assistance | materials,
policy Indin ? sewage scetor Plan, JICA | Questionnaire,
policy, assistance Indian Office, | Interviewing
policy towards Experts - CP
India
Responding to Consistency with needs Have the contents of the Project been Results of Various Reviewing
Needs of the target consistent with needs of the target preliminary study, | reports, materials,
organization organization? opinion of Experts | Experts « C/P | Interviewing




Evaluation Evaluation Question Information and | Information | Survey
Item Main item Sub item Data Source Method
and C/P
Significance of | Utilization of Japanese + Have the Japanese experiences and Cooperation Various Reviewing
Assistance cooperation cooperation experiences been utilized? experiences by reporis, materials,
Strategy Japan Experts + CT' | Interviewing
Appropriateness | Was the approach + Has implementation method been Examination of | Various Reviewing
of Measures appropriate? refevant? contents of the | reports, materials,
Project, Opinion | Experts « C/P | Interviewing
of Experts - CP
Was the target area *What was the rational of selecting of the | Rational of Various Reviewing
relevant? target arca? Was it a relevant selection? selection reports, materials,
Experts « C/P | Interviewing
YVas the {arget + Were C/P an appropriate target Technical levelof | Various Reviewing
organization organization? related stoff to reports, materials,
appropriately selected? transfer Experts - C/P | Interviewing
[Effictency]
Evaluation Evaluation Question Information and | Information | Survey
Ttem Main item Sub ifem Data Source Method
Effect of Inputs Were inputs sufficient « Were inputs provided sufficiently to | Opinion by Various Reviewing
enough to produce the achieve the Qutputs? stakeholders reports, materials,
Outputs? Experts * C/P | Questionnaire,
Interviewing
« Have the trainings in Japan and Indiaif | Recordsof Various Reviewing
any, confributed to the capacity trainings, reports, materials,
development of the refated stafi? Opinion by Experts « C/P | Questionnaire,
stakeholders Interviewing
* Was the cquipment sef for its use? Confirmation of Various Reviewing
equipment, reports, materials,
* Was the equipment ufilized in fact? Opinion of Experts « C/P | Questionnaire,
stakeholders Interviewing
Appropriatencss | Were the quality, the ‘Were the number of experts, the expert Record of expert | Various Reviewing
of Inputs amount and the timings | area, and the dispatch timing relevant? dispatch, Opinion | reports, materials,
of inputs relevant? of stakeholders Experts « C/P | Questionnaire,
Interviewing
Were the kind of the equipment, the Record of Various Reviewing
amount of the equipment and the period | equipment, reports, materials,
of the arrival appropriate? Opinion of Experts = C/P' | Questionnaire,
stakeholders Interviewing
* Were the timing, the contents, and Training Record, | Various Reviewing
length of training in Japan relevant? Opinion of reports, materials,
stakeholders Experts * C/P | Questionnaire,
Interviewing
= Were the timing, the contents, and Training Record, | Various Reviewing
length of training in India relevant? Opinion of reports, materials,
stakeholders Experts « C/I' | Questionnaire,
Interviewing
* Was local operation cost supported by | Disbursement for | Various Reviewing
both sides relevant ? activitics, Opinion | reports, materials,
of stakeholders Experts « C/P | Questionnaire,
Interviewing
Promoting Was there any factor Was there any fact that enhanced thie Opinion of Various Reviewing
Factor promoting the effect of cffect of inputs? stakeholders reports, materials,
inputs? Experts * C/P | Questionnaire,
Interviewing
Prokibiting Was there any factor Was there any fact that inhibited the Opinion of Various Reviewing
Factor inhibiting the effect of effect of inputs? staleholders reports, materials,
inputs? Experts « C/P | Questionnaire,
Interviewing
Caost Was the cost compared *Was inputs cost relevant compared with | Opinion of JECA staff, Reviewing
with other similar other similar projeet? stakeholders, Experts « C/P | materials,
project relevant? * Were there any alternative means? Comparison with Questionnaire,
other similar Interviewing
project




Evaluation Evaluation Question Information and | Information | Survey
Item Main item Sub item Data Source Method
* Have the Project appropriately utilized | Opinion of Various Reviewing
local resources? stakeholders reports, materials,
Experts * C/P | Questionnaire,
Interviewing
[Effectiveness])
Evaluation Evaluation Question Information Information | Survey
Item Main item Sub ifem and Data Source Method
Project Prospect of Achievement * Does the Project have a prospect to achieve | Opinion of Various Reviewing
Purpose and | of the Project Purpose the Project Purpose? stakeholders report, materials,
Outputs Expert + C/P | Questionnaire,
Interviewing |
Prospect of Achievement * Does the Project have a prospect to achieve | Opinion of Various Reviewing
of Quiputs the Qutputs? stakeholders report, materials,
Expert « C/P_| Interviewing
Prohibiting Is there any prohibiting + Is there any prohibiting factor to achieve Informationof | Various Reviewing
Factor factor to achieve the the Project Goal ? stakeholders report, materials,
Project Goal and Expert « C/P | Interviewing
Outputs? + Is there any prohibiting factor to achieve Informationef | Various Reviewing
and Qutputs? stakeholders report, materials,
Expert «+ C/P | Questionnaire,
Interviewing
Promofing Is there any promofing * What is a promofing factor to achieve the Information of Various Reviewing
Factor factor to achieve the Project Goal and OQutputs? stakeholders report, materials,
Project Goal and Qutputs? Expert <« C/P | Questionnaire,
Interviewing
[Tmpact ] &
Evaluation Evaluation Question Information Information | Survey
Item Main item Sub item and Data Source Method
Influences Are there any positive or | * 15 there any influenice on views and thoughts | Opinion of Various Reviewing
and negative impacts  on of stakeholders in relation to the sewage stakeholders, report, materials,
Impact s ., | treatment method etc. by the Project ? Informationof | Expert - C/F | Questionnaire,
projectimplementatton? stakeholders Interviewing
« Is there any influence on other sewage | Opinion of Various Reviewing
treatment in India? stakeholders, report, materials,
Informationof | Expert + C/P | Questionnaire,
stakcholders Interviewing
* From other aspects, is there any influence and | Opinion of Various Reviewing
ripple effect by the Project? stakeholders, report, materials,
Information of Expert - C/P | Questionnaire,
stakeholders Interviewing
[Sustainability]
Evaluation Evaluation Question Information Information | Survey
Item Main item Sub item and Data Source Method
Policy Will .the Pﬂlif}' which was * Will the policy to develop and expand Opinion of Expert, C/P Reviewing
Aspect consistent with the Project | ;5B DHS continue after the Project ? stakeholders, materials,
at the time of inception of Information of Questionnai
the Project, continue or e
not? stakeholders Interviewing
* Are the related laws and regulations Information on Expert, C/P Reviewing
consistent with UASB-DHS? related materials,
regulation, laws, Questionnaire,
and standards Interviewing
Rlsstiﬂitﬁﬂnal In order to continue + In order to continue UASB-DHS Opinion of Expert, C/P | Revicwing
pec

& The Project did not set the Overall Goal. Therefore, the Impact will be evaluated by influences and ripple effects brought by the Project.




Evaluation Evaluation Question Information Information | Survey
Item Main item Sub item and Data Source Method
UASB-DHS development and expansion, is there any experts - /P in materials,
development, is there any | institutional framework that established ? relation to the Questionnaire,
institutional framework? institutional and Intervicwing
organization
framework
. Is there technical * Will the know-how be shared among the Opinion of Expert, CT Questionnaire,
Technical sustainabitity of C/P? organiztions like C/P and related Experts - C/P Intervicwing
Aspect | orpanizations?
+ 'Will the equipment infreduced by the Opinion of Expert, C/P Questionnaire,
Project be well maintained? Have the Experts - CP Intervicwing
necessary activitics been done?
Financial Is it possible to sccure the | » Isit possible to secure the budget for Financial Expert, C/P Reviewing
Aspect budget for continuous | continuous development or research? information, materials,
support development and Opinion of Questionmaire,
O&M? Experts « CP Interviewing
* Will the cost for maintenance of equipment | Financial Expert, C/P Questionnaire,
provided by the Project be ensured after information on Intervicwing
completion of the Project? 0&M, Opinion
of Experts - C/P
Other Is there any prohibiting | * Are there any considerations for continuing | Opinion of Expert, C/P Reviewing
Aspect factor for sustainabitity? the activitics hercalter? What is it? Experts « P materials,
Questionnaire,
Interviewing
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4.

C/PUR L

1. Project Director

Tenure
Titl 0 izati
Name itle rganization From T
1 | Mr. Brijesh Sikka Director NRCD, MoEF&CC May 2011 Sep. 2012.
2 | Mr. K.C. Rathore Director NRCD, MoEF&CC Sep. 2012 Mar. 2014
3 | Mr. Ravi Sinha Director NRCD, MoEF&CC Mar. 2014 Nov. 2014
4 | Mr. Lalit Kapur Director NRCD, MoEF&CC Nov. 2014 Feb, 2015
5 | Mr. Ravi Sinha Director NRCD, MoEF&CC Feb. 2015
2. Deputy Project Director
Tenure
Titl 0 izati
Name itle rganization e To
1 | Mr. Sanjay K. Singh Deputy Director NRCD, MoEF&CC May 2011
3. Project Manager
. N Tenure
Name Title Organization From To
1 | Mr. V.P. Singh General Manager | » omuna Pollution May 2011 |  Dec. 2011
- V£ oIng & Control Unit, UPJN Y ) ’
. Yamuna Pollution
2 | Mr. N.K. Tygi General Manager Control Unit, UPJN Mar. 2012 Jun. 2012
Yamuna Pollution
3 | Mr. AK. Saxena General Manager Control Unit, UPJN Aug. 2012 Jun. 2014
Yamuna Pollution
4 | Mr. P. K. Agrawal General Manager Control Unit, UPJN Aug. 2014
4. Deputy Project Manager
. . Tenure
t
Name Title Organization From To
1| Mr.NK. Tygi Project Manager | - 2muna Pollution May 2011 |  Mar. 2012
r- A5 1yl reject Vianag Control Unit, UPJN y :
. Yamuna Pollution
2 | Mr. ALK, Saxena Project Manager Control Unit, UPJN May. 2012 July. 2012
. Yamuna Pollution
3 | Mr. S.K. Bansal Project Manager Control Unit, UPJN Aug. 2012 Sep. 2013.
. . Yamuna Pollution
4 | Mr. R.K. Singh Project Manager Contro! Unit, UPJN Nov.2012 Aug. 2014
. . Yamuna Pollution
5 | Mr. Khalid Ahmad Project Manager Control Unit, UPJN Aug. 2014 Apr. 2015
. Yamuna Pollution
6 | Mr. M.K. Bansal Project Manager Control Unit, UPIN Apr. 2015




5. Researcher

Tenure
Name Title Organization
From To
. Assistant Aligarh Muslim
11 Dr. Nadeem Khalil Professor University (AMU) May 2011
Professor, Indian Institute of
2 | Dr. B.R. Gurjar Department of Technology Roorkee (IIT Jan. 2015
Civil Engineering | Roorkee)
Professor, Indian Institute of
3 | Dr. A A. Kazmi Department of Technology Roorkee (IIT Jan. 2015
Civil Engineering | Roorkee)
Research Scholar, | Indian Institute of
4 | Ms. Komal Jaiswal Dept. of Civil Technology Roorkee (IIT Jan. 2015
Engineering Roorkee)
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MINUTES OF MEETINGS
BETWEEN
THE JAPAN INTERNATIONAL COOPERATION AGENCY AND THE
AUTHORITIES CONCERNED OF THE GOVERNMENT OF INDIA
ON THE TERMINAL EVALUATION OF
JAPANESE TECHNICAL COOPERATION FOR
THE PROJECT ON “UASB-DHS INTEGRATED SYSTEM
- A SUSTAINABLE SEWAGE TREATMENT TECHANOLOGY”

The Japanese Terminal Evaluation Team (hereinafter referred to as “the Team™),
organized by Japan International Cooperation Agency (hereinafter referred to as
“JICA”) and Japan Science and Technology Agency (hereinafter referred to as “JST)
visited India from 25" October to 7" November 2015 for the purpose of conducting the
joint terminal evaluation on the Project for “UASB-DHS Integrated System — A
Sustainable Sewage Treatment Technology™ (hereinafter referred to as “the Project™).

During its stay in India, the Team monitored and evaluated the Project together
with the Indian Evaluation Team and had a series of discussions and exchanged views
with the Indian authorities concerned.

As a result of discussions, both Japanese and Indian sides mutually agreed on
the contents of the Joint Terminal Evaluation Report and the recommendations for the
Project as attached.

Delhi, ¢ Newbir, 2015
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THE ATTACHED DOCUMENT

L The Joint Terminal Evaluation Report

The Joint Terminal Evaluation Team presented the results of the Joint Terminal
Evaluation Report (attached as Annex I) to the 5% Joint Coordinating Committee
(hereinafter referred to as “JCC”) held on November 6, 2015. The JCC considered and
approved its contents.

IL Recommendations for the Project

Based on the results of the terminal evaluation, both sides acknowledged the
following recommendations for the Project proposed by the Joint Team, and agreed to
take necessary measures during the remaining period and after the completion of the
Project.

1. Clarification of performance and advantage of the UASB-DHS system with
continuous data monitoring and analysis

The relationship between influent quality (BOD), quantity (MLD) for achievement of
effluent quality standard (<30mg/L) needs to be further monitored, analyzed, and
clearly presented. The results of such analysis need to be reflected in the UASB-DHS
Design Guidelines.

In addition, the UASB-DHS design and operation conditions for achievement of the
prospective new Indian effluent quality standard (<10mg/L) need to be analyzed and
proposed. The comparative assessment of all parameters in addition to BOD is
recommended.

2, Revision of the UASB-DHS Design Guidelines, O&M Guidelines and the
brochure

The UASB-DHS Design Guidelines and O&M Guidelines need to be improved by
reflecting the results of further analysis to achieve effluent standards as mentioned in
para (1) above, so as to include more comprehensive information to the extent that it
enables the Indian side to independently design, construct and operate new DHS plants
under the Indian context, as follows.

- Measures against various UASB influent qualities, such as high BOD, COD, low
BOD/COD

- Measures to meet the prospective new discharge standard of BOD <10mg/L

- Demonstration of the relation between influent BOD, effluent BOD and HRT, which
will enable users to adjust the operation of the DHS system to various UASB and

1



DHS influent qualities.

- Re-examine the appropriateness of the total cost of the UASB-DHS system using
the cost estimation of construction of actual plants instead of a proto-type
experimental plant.

Furthermore, it is recommended to improve the existing UASB-DHS system brochure
o as to make a case on its cost and energy-efficiency compared with other STPs, and to
target the concerned decision-makers.

3. Roadmap for dissemination of scientific achievements and the DHS Guidelines
to policy-makers and stakeholders to promote practical application in India

In order to promote the application of the DHS system in India, NRCD shall take
necessary action to disseminate the scientific achievements as well as the benefits of the
Project. These Guidelines need to be circulated to the State Governments and all the
concerned decision-makers.

The State Governments, as the key stakeholders in charge of decision-makings of STP
technologies need to recognize the advantages of the DHS system. A roadmap for
promotion of practical application of the DHS system in India needs to be developed,
and necessary information dissemination for decision-makers shall be conducted within
the Project period.

4. Continuous research and development and adaptation of the DHS to Indian
context

While it is said that further research and development is needed to adapt the DHS
system to the Indian context, it is not clear how the present research activities will be
continued after the Project completion. It is recommended that the Indian side shall take
forward the planning for continuous research and development of the DHS system
before and after the completion of the Project. Japanese researchers should strengthen
technical transfer of research and development to Indian researchers during the
remaining period. After the completion of the Project, Japanese side also needs to
consider necessary technical and academic suppoit for the continuity of such research
activities as there was a 15 month delay in completion of the SMLD DHS pilot plant.

It is also important to mutually share the resuits of the research, including those related
to sponge media, as planned by the end of the Project period.

5. Continuous O&M of the UASB-DHS system and provision of necessary
technical support

The DHS plant needs to be regularly operated based on O&M guidelines so as to
maintain its function and avoid damage to the plant including sponge media. It is
requested that the UPJN ensures allocation of personne! and financial resources for
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adequate management of the UASB-DHS system and related analytical equipment. It is
recommended that UPJN prepare a new location for the laboratory or take necessary
measures (reduction of H2S concentration by AC maintenance, de-humidifier, repair of
gas pipe and continuous flaring) promptly to avoid further damage to the analytical
equipment due to corrosive atmosphere.

It is also necessary to monitor the performance of the DHS plant after the completion of
the Project. CPCB may regularly conduct sample analysis of the effluent water from the
DHS under the supervision of NRCD.

Since technical difficulties may occur during the continuous O&M of the proto-type
plant, Tohoku University is requested to maintain contact with UPJN and facilitate
provision of technical support in case of necessity.

6. Planning of joint research paper and presentation in international conference
by both countries’ researchers

As SATREPS is a joint international research scheme, a plan for publication of joint
research article(s) at the end of the Project should be proposed as the scientific outcome
of the Project, and it is desired to be presented in an international conference.

Annex I Joint Terminal Evaluation Report
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ON
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1. Introduction
1.1 Overview of the Project

In India, rapid industrialization and socio-economic changes have accelerated urban growth, which
has subsequently polluted rivers. The Ministry of Environment, Forests, and Climate Change
(MoEFCC) has been providing assistance to the various State Governments for the abatement of the
increasing pollution of rivers of identified stretches of rivers under the National River Conservation
Plan (NRCP).

During the initial phase of the NRCP, a large number of sewage treatment plants (STPs) were
constructed based on activated sludge process (ASP) technology. However, the ASP technology
required higher operation and maintenance (O&M) costs and had higher energy requirements.
Considering these constraints, technologics more appropriate for Indian conditions that use less
energy and have lower O&M costs, such as the Up-flow Anaerobic Sludge Blanket (UASB) process
and waste stabilization ponds, were adopted. A UASB plant requires a post-treatment step in order to
comply with the effluent discharge standards. Thus, most of the UASB plants are provided with a
polishing pond, specifically a final polishing unit (FPU), with one or two days detention period.
However, the FPU requires a considerably large area of land. Furthermore, an issue developed in
which a UASB-FPU system was unable to meet the effluent standards.

The Down-flow Hanging Sponge (DHS) system is a technology developed at the Nagaoka
University of Technology, Japan, especially for post-treatment of effluent from UASB reactors. A
key of the DHS system is the use of a polyurethane sponge as a support material to retain sludge.
The UASB effluent is supplied to the top of each sponge module and it trickles down to the bottom
of the module.

The performance of a 1MLD pilot DHS plant at Karnal has been continuously monitored for more
than five years. It has been reported that the effluent quality was fairly good and that the plant has
also reduced the amount of sludge production. The DHS system requires simple O&M and less land.
Based on the experience of the pilot DHS plant at Karnal, the National River Conservation
Directorate (NRCD) submitted a request for Japanese Technical Cooperation under the Science and
Technology Research Pattnership for Sustainable Development (SATREPS) programme, with the
intention to up-scale the DHS system through collaborative research and a practical scale experiment
of the UASB-DHS integrated system.

On approval of the proposal by the Japanese Government and Detailed Planning Study by JICA in
September 2010, the Project activities began in May 2011, with a time frame of five years. The
Project for UASB-DHS Integrated System-—A Sustainable Sewerage Treatment Technology
(hereinafter referred to as the Project) has been undertaking a range of activities mostly at Agra
along with Uttar Pradesh Jal Nigam (UPJN) to achieve the Project Purpose. The Mid-term review
was conducted in December 2013, Since the Project will be completed in May 2016, the terminal
evaluation is conducted from October 25 to November 7, 2015.



1.2 Objectives of the Terminal Evaluation

The objectives of the terminal evaluation are as follows:

(1) To review the Project (achievements and implementation process) and assess achicvements in
accordance with the five evaluation criteria (relevance, effectiveness, efficiency, impact, and
sustainability);

(2) To identify the factors that have promoted or inhibited Project achievements;

(3) To propose recommendations for the remaining period of the Project and for continuing
activities after termination of the Project, as well as lessons learned for future projects.

1.3 Members of the Terminal Evaluation Team

The evaluation of the Project was jointly conducted with Indian evaluators and Japanese evaluators.
The Japanese side prepared a draft report that includes inputs from the Indian side. The Japanese
evaluation team members are described in Table 1-1 and Indian members are described in Table 1-2.

Table 1-1 Japanese Terminal Evaluation Team

Name Title/Specialty Organization and Position

JICA Members
Director for Environmental Management Team

Mr. Kazunao Shibata Team Leader 2, Global Environment Department, Japan
International Cooperation Agency({JICA)

Ms. Hiroko Kamata STP Technology Senior Advisor (Environmental Management,
Water Supply and Sanitation)
JICA
Deputy Director

Environmental Management Group/Forestry
and Nature Conservation Group/Office for
Ms. Shizuka Onishi Cooperation Planning Climate Change

Environment Management Group

Global Environment Department

JICA

Ms. Noriyo Aoki Evaluation Analysis Consultant, Earth and Human Corporation

JST Members

Principal Fellow

Mr. Kotaro Inoue Japan Science and Technology (JST)

Senior Associate Research Supervisor,

Mr. Hiroyuki Abe Department of International Affairs, JST

Table 1-2 Indian Terminal Evaluation Team

Name Title Organization and Position
_ National River Conservation Directorate
Mr, Sanjay Kumar Singh | Deputy Director Ministry of Environment, Forest and Climate
Change (MoEFCC)
. Scientist “E,” Central Pollution Control Board
Mr. R.M. Bhardwaj Additional Director MoEFCC
p)



1.4 Terminal Evaluation Schedule

The evaluation is conducted from October 25 to November 7, 2015. The schedule is as follows:

Date Day Schedule
10/25 (Sun) Consultant Arrival in New Delhi
10/26 (Mon) 10:30 Meeting with JICA India Office
14:30-15:15 Meeting/interview with NRCD, National Environmental
Engineering Research Institute (NEERI)
15:15-17:00 Briefing of JICA evaluation to Indian evaluators
17:00 Move to Agra (by car)
10/27 (Tue) 09:00-15:00 Site visit to UASB-DHS, interview Japanese experis
10/28 (Wed) | 09:00-14:00 Drafting Joint Evaluation Report
14:00 Move to Delhi (by car)
10/29 (Thu) 08:30 Move to Lucknow (by plane)
12:00 Interview with UPJN
19:00 Back to Delhi (by plane)
10/30 (Fri) Drafting Evaluation Report
10/31 (Sat) JICA and JST Member Arrival in New Delhi
11/1 (Sun) Japanese Evaluation Team Meeting
1172 (Mon) | 09:30 Meeting with JICA India Office
10:30-13:30 Move to Agra
15:00 Visit to UPIN Agra, site visit, discussion with Indian Evaluation
Members, UPJN, JICA Expert Team
11/3 (Tue) AM : Discussion with JICA Expert Team
14:30-16:15 Discussion with Indian Evaluation Members
Revising Draft Evaluation Report
11/4 (Wed) AM : Move to Delhi
14:30 Discussion with NRCD on Draft Evaluation Report
11/5 (Thu) 12:30 Finalization Draft Evaluation Report and Minutes of Meeting (M/M) with
NRCD
11/6 (Fri) 11:00 JCC Meeting
PM: Report to JICA Office, leave New Delhi (Japanese Team)
11/7 (Sat) Arrival in Japan

2. Evaluation Process

2.1 Evaluation Methodology

The Project Design Matrix (PDM) version 1" was adopted as the framewaork of the evaluation. The

Project achievements were assessed with the PDM indicators. PDM version 1 is attached as Annex 1.

Analysis was performed on the underlying causes that promoted or inhibited Project achievements.

An examination of the Project was conducted based on the five evaluation criteria, which are

described in section 2.2.

2.2 Five Criteria of Evaluation

The JICA adopted the Five Evaluation Criteria for project evaluation. The five criteria are as

! PDM version 0 was revised in June 2013 as version 1.




follows:

(1) Relevance: A criterion for considering the validity and necessity of the project regarding
whether the expected effects of the project (or Project Purpose and Overall Goal) meet the
needs of target beneficiaries; whether the project intervention is appropriate as a solution for
problems; whether the contents of the project are consistent with policies; whether project
strategies and approaches are relevant.

(2) Effectiveness: A criterion for examining the extent to which the Project Purpose and Outputs
have been achieved and analyzing performance of indicators and the factors that contributed
to or impeded achievements.

(3) Efficiency: A criterion for considering how economic resources/inputs are converted to
results. The main focus is on the relationship between project costs and effects.

(4) Impact: A criterion for considering the influences brought by the project, including direct or
indirect, positive or negative, intended or unintended.

(5) Sustainability: A criterion for considering whether produced effects continue after the
termination of the assistance provided by the Project.

2.3 Data Collection Method

The evaluation collected quantitative and qualitative data relevant to the Project from a range of
information sources through various methods. This approach enabled the team to undertake
triangulation of methods and information sources, thereby evaluating achievements of outputs and
Project purpose. The focus of the evaluation is applied to the collection and analysis of qualitative
data, as well as quantitative data, since the main purpose of the study is to make an in-depth analysis
of hindering and contributing factors in the implementation of the Project and to understand the
causes for such factors. Thus, the methods adopted for the study centered on quantitative and
qualitative data collection methods including interviews with semi-structured questions,
questionnaires, verifiable data, and observations.

A literature review was undertaken in Japan before the team visited India. The main purpose of the
literature review was to confirm the level of the Project performance and examine the
implementation process. At the same time, the questionnaires were prepared for Japanese experts
and C/P. At the time of the coordination meeting held in Japan on October 2, 2015, five counterparts
were interviewed based on the questionnaire. The five short-term experts answered the questionnaire.
Based on these results, the interview responses were prepared for further investigation. After the
team arrived in India, in-depth interviews were conducted with key informants such as Indian
Government officials and related organizations’ personnel. The data generated by these study
methods were then analyzed based on the five evaluation criteria.



3. Project Achievement and Implementation Process
3.1 Inputs

3.1.1 Japanese Side
(1) Japanese Experts

The Project has been implemented by a total of 18 short-term experts in 10 different fields and
one long-term expert who is a project coordinator. As of the end of September 2015, a total of
113.59 man-months (MMs), 66.92 for short-term experts and 46.67 MMs for a long-term expert,
has been input by Japanese experts. The short-term experts were dispatched 121 times and
engaged in Project activities. For more details, see Annex 4: List of Inputs of Japanese Experts.

Table 3-1 List of Inputs of Japanese Experts

R I s e n ] Total Input |- Total
: - Name . Specialty - Institution " " Days MMs -
Short-term Experts
I | Prof. Hideki Harada | IS AQVISOL | opopy University 99 33
Kisarazu Institute of the
2 | Prof. Shigeki Uemura Sub-leader National College of 33 1.10
Technology
Asst. Prof. Kengo Environmental _—
3 Kubota Microbiology Tohoku University 44 1.46
Kisarazu Institute of
Asst, Prof, Tsutomu Wastewater ;
4 | Okubo Treatment the National College of 75 2.50
Technology
5 Prof. Takashi Environmental | Nagaoka University of 11 0.70
Yamaguchi Management Technology )
6 | Mr. Kengo Matsunaga %ﬁ;?rgneent Tohoku University 247 8.23
7 | Ms. Ryoko Taniguchi ll\)/}itrllggement Tohoku University 443 14.76
. Environmental Nagaoka University of
8 | Dr. Akinobu Nakamura Bioengineering | Technology 13 0.43
] o . Niigata University of
9 f‘SSt‘ Prof. Akinori Risk Pharmacy and Applied 59 1.97
guchi Management . .
Life Sciences
Sludpe Kagawa Institute of the
10 | Prof. Tadashi Tagawa Mang ement National College of 91 3.03
& Technology
Asst. Prof. Masashi Environmental Nagaoka University of 31 1.03
11 | Hatamoto Microbiology Technology o
Asst. Prof. Masanobu Plant . .
12 Takahashi Management Tohoku University 70 233
. Plant Nagaoka University of
13 | Dr. Narin Pattananuwat Management Technology 106 3.53
14 | Dr. Vinay Kumar Tyagi _}Y 2;%;:?:? r Tohoku University 379 12.63
. Plant Nagaoka University of
15 | Mr, Naoki Nomoto Management Technology 108 3.60
. . Sewage Nagaoka University of
16 | Ms. Namita Maharjan Treatment Technology 85 2.83
.y Sewage —
17 | Dr. Kenichi Abe Treatment Tohoku University 89 2.53
18 | Dr. Muntjeer Ali astewater Tohoku University 29 0.96
Subtotal 2022 66.92




Long-term Expert

1 | Mr. Ryosuke [wasa Project Coordinator 40.67

Total 113.59

(2)

(3

4

Local Operational Costs Borne by Japanese Side

By the end of September 2015, a total of 28,330,000 Indian Rupees (INR), which is equivalent
to 52,410,500 Japanese Yen,2 was disbursed as the local operational costs for the Project
activities. The local operational costs mainly consisted of general expenses for expert activities,
costs for procurement of materials and equipment for laboratory experiments, maintenance
costs of laboratory equipment, and so on. The details of operational costs borne by Japanese
side are shown in Table 3-2.

Table 3-2 Details of Local Operational Costs Borne by Japanese Side

Amount
(INR)
Expert activities’ expenses 6,070,000
Procurement of materials and equipment for lab experiments 9,316,000
Maintenance of lab equipment 1,589,000

Items

Workshop expenses 936,000
Renovation cost of laboratory at Agra 785,000
Others’ 9,634,000

Total 28,330,000
* The “others” category includes employment of project staff, construction
advisor for DHS construction in Agra, and so on.

Equipment provided by the Japanese side

Equipment including an ultrasonic processor, a distilled water equipment stack, an absorption
meter and so on, plant construction which is worth 171.51 million yen in total, has been
provided. For more detail, see Annex 6: List of Equipment Provided by the Government of
Japan.

Trainings in Japan (Coordination Meetings in Japan)

Three trainings were conducted. Twelve stakeholders participated in the trainings, as described
in Table 3-3. For more details, see Annex 5: Counterpart Trainings in Japan.

Table 3-3 Training in Japan

Number of
Name of Training Course Date urTx 'er °
Participants

Coordination Meeting September 22-October 1, 2013 4

? Indian Rupee = 1.85 Yen as of the end of September 20135,



Name of Training Course Date

Number of
Participants

C/P Training on Sewage Treatment

Technology and Management November 2-12, 2014

3

Coordination Meeting September 26-October 4, 2015

5

3.1.2 Indian Side

(1) Counterparts

@)

Following personnel were assigned as counterparts by the Indian side at the time of the terminal

evaluation:
Project Director: Adviser NRCD, MoEFCC
Deputy Project Director: Deputy Director, NRCD, MoEFCC

Project Manager: General Manager of Yamuna Pollution Control Unit (YPCU) of UPIN

Deputy Project Manager: Project Manager of YPCU
Co-researchers:

Indian Institute of Technology (II'T Roorkee): two professors
Aligarh Muslim University (AMU): one associate professor, four PhD and master

students

For more details, see Annex 4: List of Counterpart Personnel.

In addition, a Working Group for finalization of the DHS design and O&M Guidelines was
formed by the Indian side, which included NRCD, AMU, IIT Roorkee, CPCB and CPHEEO

following the minutes of the meeting of the 4" JCC held on 16 January 2014.

Local Cost Sharing by the Indian Side

Land for the DHS plant and laboratory space on the second floor of the Administration
Building of the 78MLD STP were provided by UPJN. The electricity and water necessary for
running the DHS plant and experiments were supplied by UPJN. The local expenses borne by
the Indian side totaled 1,311,072 INR, which is equivalent to 2,425,483 Japanese Yen. The

details of local operational costs bome by the Indian side are shown in Table 3-4.

Table 3-4 Details of Local Operational Costs Borne by the Indian Side

Amount
Items (INR)
Land and facilities including project coordinator’s office and .
laboratory at 78MLD STP provided
Water & electricity for DHS plant laboratory 876,000
Employment of DHS operators, lab assistant, and security 405,072
guards
Miscellaneous expenses 30,000
Total 1,311,072




3.2 Activities Implemented

In general, all of the activities were implemented according to the plan.
(1) Activities for Output 1

1) Procurement of media for the DHS reactor

Based on preceding experiment in Karnal, the sponge media generation 3.4 for the DHS pilot
plant of UPJN at Agra was developed and procured in July 2012 by Tohoku University from a
Japanese manufacturer. The development of generation 3.4 reduced the quantity and cost of
sponge media by approximately 1/2.

In July 2015, the above-mentioned Japanese manufacturer which possesses the manufacturing
license has conducted a one-week study on the feasibility of the local production of sponge media.
Based on visits to 2 sponge foam manufacturers and 2 molding manufacturers around Delhi, the
study concluded that the local production of sponge media is technically feasible.

2) Design and construction of the UASB-DHS system
To acquire the information on the basic design of the DHS system, firstly, the measurement of the
UASB reactor, site confirmation for DHS construction, and the implementation of the DHS
effluent channel had been done at the site, Based on measurements, a SMLD DHS reactor was
designed. The detailed design by Japanese consulting firms started in August 2012, followed by a
bidding process in India, and a contract for construction with an Indian company was concluded in
December 2012. Construction of the SMLD DHS pilot plant at Agra started in December 2012
and was scheduled to be completed in August 2013; however, the actual completion was in
November 2014, 15 months behind the initial plan.
To enable O&M of the plant, five engineers of UPJN were trained using the operation manual
prepared by Tohoku University and the contractor for Agra DHS plant from November 3, 2014 to
January 16, 2015.

3) Continuous operation of the UASB-DHS system and evaluation of the applicability for sewage

treatment in India
The starting date for continuous monitoring was affected by delays in construction and subsequent
completion of the SMLD DHS pilot plant. When monitoring did begin, the sewage water influent
was not properly supplied from the UASB®. The operation of the UASB-DHS system was affected
by the instability of the power supply, repair of DHS effluent pipeline, malfunctioning pump at the
pump station and so on. The Chart 3-1 in the next page shows the situation of continuous
operation of the UASB-DHS system.

(2) Activities for Output 2

1) Preparation of Design Guidelines for the UASB-DHS system
In April 2013, a preparation committee was formed for Design Guidelines development, which

? In relation to the reason, see 3.3 part of DHS inflow amount in page 3.



consisted of Japanese experts and engineers. Collected documents and data were reviewed by the
committee. Commifttee meetings were held four times since April 2013. The first draft of the
Design Guidelines, written in Japanese, was prepared, translated into English, and shared with the
relevant Indian agencies in the end 0f 2014. The 4*JCCinJ anuary 2015 requested that the Indian
side set up of a working group (WGQ) to elaborate on the Design Guidelines. CPCB, CPHEEO,
NEERI, IIT Roorkee and AMU, as members of the WG, commented on the draft Design
Guidelines in July 2015, The draft Design Guidelines have been examined in collaboration with
all stakeholders.

2) Preparation of O&M Guidelines for the UASB-DHS system

In April 2013, a preparation committee was formed to create O&M Guidelines. The first draft of
O&M Guidelines, written in Japanese, was prepared. The first draft of O&M Guidelines was
presented in 4™ JCC in January 2015. The draft of both Guidelines had been commented on by
September 14 in 2015. Both the draft Guidelines have further been discussed in detail by the
Indian members with the Japanese experts during the coordination meeting and visit to Japan from
September 26 to October 4, 2015. The revision of the O&M Guidelines has continued in
collaboration with all stakeholders involved.

3) Training courses with prepared Design and O&M Guidelines of the UASB-DHS system
In February 2016, a workshop for decision-makers and training of trainers (TOT*) on Design
Guidelines and O&M Guidelines will be jointly conducted in New Delhi and Agra by the Indian
and Japanese sides.
(*TOT indicates training targeting sewage engineers who are in charge of supervision of
contractors/operators of STPs)



3.3 Achievements of Outputs

QOutput 1: The applicability of Up-flow Anaerobic Sludge Blanket (UASB)} — Down-flow
Hanging Sponge (DHS) system for sewage treatment in India is verified through a continuous
operation of the newly-established UASB-DHS system in Agra, Uttar Pradesh State.

Objectively Verifiable Indicators

1-1: Effluent water quality continuously meets effluent discharge standard value of less than
BOD 30mg/L. for more than a year.

The performance of sewage treatment by the DHS reactor was continuously monitored from July
2014 up until at the time of terminal evaluation.

However, the planned influent amount of 5,000 m*/day (3MLD) was not sufficiently reached at

initial stage. This lack of influent was due to various reasons:

- The power supply, such as low voltage, instability of power supply

- Malfunctioning of the flow meter

- The supplying raw sewage water from the pumping station was insufficient at the initial stage in
2014 because some of the raw sewage water was directly discharged to the Yamuna River in
rainy season (July to September). The situation was improved during the rainy season in 2015.

Given the actual quality of UASB effluent (around 100mg/L BOD) which differed from the designed
standard effluent (under 60mg/L BOD), after one year, the research team decided to operate the
DHS system at 3MLD from 416" day in order to study the condition which satisfies the targeted
DHS effluent quality.

Chart 3-1 Inflow to DHS (July 2014- October 2015)
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(Source) Monitoring results of the UASB-DHS system at Agra
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According to the results of monitoring data from the beginning to 360" day, 57% of influent water to
the DHS had Biochemical Oxygen Demand {BOD) levels over 100 mg/L. This most likely was due
to infrequent removal of the sludge in the UASB and grit chamber. In addition, during the period of
low temperature (the dry season), BOD and SS values of the sewage water doubled since sewage
water from the dry season did not include rainwater and, thus, it was concentrated. Along with the
progress of the Project, the UASB has been cleaned by UPJN. The quality of influent water to the
DHS became relatively stable, and mostly less than 100 mg/L BOD.

Following these changes in the quantity and quality of the influent, the effluent water quality is also
reaching more favorable value than before.

Chart 3-2 BOD* {July 2014- October 2015)
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Chart 3-3 BODt Influent vs BODt Effluent of DHS
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Rearrangement of the DHS performance by plotting BOD-influent versus BOD-effluent as a
function of fed flow-rate SMLD and 3MLD gives a more rational interpretation as follows:

During a flow-rate of SMLD (HRT of 1.44 h), DHS effluent exceeded the discharge standard of 30
mg/L due to the fact that most of influent was by far exceeding the design criteria of BOD-Influent
60 mg/L (the design criteria was satisfied only one time).

However, existing monitoring data suggests that during a flow-rate of 3 MLD (HRT of 2.4 h), the
DHS system is able to satisfy the effluent quality of 30mg/L.

Data also suggests that the DHS system has a potential to satisfy the prospective new regulation for
discharge standard of 10 mg/L; however, there needs to be further experiment and analysis of results
in order for the Project to present under what conditions the DHS is able to satisfy 10mg/L.

In light of the above, although the continuous monitoring data is less than one year, indicator 1-1 is
expected to be achieved by the end of the Project.

Objectively Verifiable Indicators

1-2: UASB-DHS system is demonstrated to be more effective in terms of energy conservation.

12
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Table 3-5 Comparison of Energy Consumption (July 2014- June 2015)

78 UASB+FPU
Agra 5 UASB+DHS
24 UASB+ASP
Delhi 10 ASP
Haryana 10 MBBR
Haridwar 27 SBR 25,000 15

Note) This comparison was conducted for small capacity based on preliminary
results of the economic assessment report by NIS Pvt.Ltd. and Nagaoka
University of Technology. The figures are tentative and subject to further
confirmation. BOD data was taken in rainy season.

Following the Mid-term Review, the study team, consisting of Nagaoka University of Technology
and AMU, has implemented an economic performance assessment. NJS Engineers India Pvt.Ltd has
undertaken a comparative study of the performance and cost-effectiveness of the sewage treatment
processes, which includes electricity consumption of the DHS reactor compared to the other STPs
since May 2015, While the study will be completed in February 2016, Table 3-5 shows the
preliminary results of the status of energy consumption. The assessment suggests that the UASB and
DHS system conserves energy compared to the other STPs. Therefore the Indicator 1-2 has been
achieved.

Qutput 2: Desiecn and O&M Guidelines for UASB-DIS system are drawn up, and

dissemination plan for the Guidelines and Manual (Draft)’ js prepared.

According to the indicators for Output 2, it is reasonable to say that Qutput 2 is highly likely to be
achieved based on information gathered from interviews and a review of the Project activities.

The first draft Guidelines have been shared by Japanese research team with the Indian relevant
organizations in 2014. Comments from Guidelines Working Group members (NRCD, IIT Roorkee,
AMU, CPCB, CPHEEQ, NEERI) were collected by July 2015 and were reflected in the latest
version,

Objectively Verifiable Indicators

2-1: Design Guidelines for the UASB-DHS system is presented to NRCD, UPJIN, and CPHEEQ.

5 The power consumption is measured by an amount of payment of a receipt of each plant and measurement of
electricity on site.

A manual needs an approval by the Government of India. Therefore, 2 manual is changed into guidelines as the
result of discussions between Japanese side and Indian side.
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The latest draft Design Guidelines is scheduled to be submitted on November 6, 2015, on the
occasion of the 5™ JICC.

Objectively Verifiable Indicators

2-2: O&M Guidelines for UASB-DHS system is presented to NRCD, UPJN, and CPHEEOQO.

The latest draft O&M Guidelines is scheduled to be submitted on November 6, 2015, on the
occasion of the 5™ JCC.

In terms of the process, both draft Design and O&M Guidelines have been submitted, and
dissemination through workshop for decision-makers, relevant researchers and TOT trainings for
sewage engincers is planned in February 2016. However, the contents of these Guidelines need to be
further improved based on the results of further analysis of the experiment as described in the Output
Indicator 1-1.

In conclusion, indicators 2-1 and 2-2 are expected to be achieved within the Project period under the
condition that the results of analysis related to the indicator 1-2 are reflected in the Guidelines.

3.4 Achievement of Project Purpose

Project Purpose: A novel sewage treatment technology, which is appropriate from viewpoint of

energy consumption, O&M, land requirement and total cost, is developed.’

In relation to the energy consumption, indicator of 1-2 for Output 1 explained the effectiveness of
energy consumption of the UASB-DHS System. As for O&M cost which consists of the power
consumption, personnel cost, chemical cost, other consumable, and repair cost, the O&M cost of the
UASB-DHS system is the lowest compared to the other STPs, In terms of land requirement, the
UASB and DHS system need the least area as well. Table 3-6 shows those comparisons.

Table 3-6 Comparison of Land Area, O&M Cost, and Sludge Production (July 2014- June 2015)

0
78 UASB+FPU 1178.95
Agra 5 UASB+DHS 430.00
24 UASB+ASP 82125
Dethi 10 ASP 856.00
Haryana 10 MBBR 710.00
Haridwar 27 SBR 702.22 0.49 29.29

Note) This comparison was conducted for small capacity based on preliminary results of the
economic assessment report by WJS Pvt.Lid. and Nagacka University of Technology. The
figures are tentative and subject to further confirmation.

Therefore, the Project Purpose has been almost achieved, except that the appropriateness in terms of

7 Objectively Verifiabie Indicator for the Project Purpose was not set in the Project.
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the capital cost remains to be achieved. In the current comparison, the capital cost of UASB-DHS
system is still higher than the other STPs. It should be noted that the construction cost of pilot DHS
plant in Agra is high partly because it includes testing equipment as a part of the experimental plant.
Up-scaling and dissemination of DHS plant is expected to contribute to reducing the cost of DHS
plant. Those factors should be reflected in the comparison.

3.5 Implementation Process

(1) Communication

Joint Coordinating Committee (JCC) has been attended by personnel of NRCD, UPIN, CPHEEQ,
CPCB, NEERI, JICA, and Indian researchers /Japanese experts and it has been held every year. The
progress of the Project was monitored and assignment of short-term experts, plan of operation and
annual plan of operation were discussed and approved on the occasion of the following JCC: st JCC
in January 2012, 2nd JCC in December 2012, 3rd JCC in December 2013, and 4th JCC in January
2015,

Monthly Management Meeting which consists of project administration member, C/P and project
coordinator was established in order to provide solutions to pending issues as well as to monitor the
progress of the project.

In addition to the above, ad-hoc meetings with Chief Advisor, Project Director and/or Project
Manager have been held when the needs arose. However, both project-related administrators
expressed the expectation of more detailed report from the Japanese side. Researchers of both
countries have communicated with each other by e-mail or Skype and held meetings at the 78 MLD
STP site at time of visit.

(2) Project Monitoring and Consultation Missions

Monitoring missions have been dispatched six times from Japan as follows; Ist mission: January
2012 (1st JCC), 2nd mission: December 2012 (2nd JCC), 3rd mission: June 2013, 4th mission:
December 2014 (Mid-Term Review) and 5th mission: July 2014 (commissioning of DHS plant
construction) and 6th mission: October 2014 (international workshop)

(3) Workshops

Workshops have been held for a total of three times. The first kick-off workshop was held on
January 8, 2012 in Agra. Another visit to the DHS construction site in Agra was organized during
December 18-21, 2013 in conjunction with the international symposium held by Tokyo University in
New Delhi. A two-day international workshop was organized in October 2014 on the occasion of the
operationalization of the DHS plant. In total 60 participants were present apart from Japanese Project
members, including NRCD, sewage administrators from Indian States, researchers and private
sector.

3.6 Responding to Measures Recommended by the Mid-Term Review

(1) Measures against the delay of the DHS plant construction

The construction of the plant was completed by November 2014 and it was delayed by 15 months
from the initially planned schedule. The continuous operation and monitoring of the UASB-DHS
system started from July 2014 to recover the delay while the installation of the PLC system and
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minor works were being progressed.

(2) Facilitation of co-research activity
Following the Mid-term Review, the co-research system was established to make a research plan.

Tohoku University entered into Memorandum of Understanding (MOU) with IIT Roorkee on 24
July 2014 regarding the continuous operation and monitoring of the UASB-DHS system. A doctoral
student from IIT Roorkee has been stationed at Agra to conduct the continuous monitoring of the
DHS system since January 2015.

Nagaoka University of Technology (NUT) signed the research Terms of Reference with AMU in
October 2014. The study team of NUT and students of an associate professor at AMU are
conducting research on the energy efficiency, amount of waste sludge, and economic feasibility of
the DHS.

(3) Participation of Indian experts in drafting the Design Guidelines and O&M Guidelines

Drafting the Design Guidelines and O&M Guidelines in collaboration with Indian experts has been
promoted by both sides. A working group (WG) was established in accordance with a request at the
time of the 4™ JCC meeting in January 2015. The WG has continuously worked on the preparation
of both Guidelines.

(4) Implementation of the energy consumption study and assessment of the economic performance
The Mid-term Review reported that during the past monitoring sessions, operation data such as
sludge production, energy consumption, and maintenance costs were not properly recorded and kept
at the plant. Nagaoka University of Technology and AMU began an economic assessment study. An
Indian consulting firm has been recruited by JICA India Office in order to assist the comparative
survey of performance and cost-effectiveness of the sewage treatment processes since May 2015,

4. Evaluation by the Five Criteria
4.1 Relevance: high®

The Project is well aligned with Indian policies on river purification and sewage water treatment as

well as with Japan’s ODA policy towards India. It is also responsive to the development needs for

the post-treatment system of UASB. which could reduce land requirements. The approach is to

utilize Japan’s comparative advantages in the area of sewape technology, as the expert team has

continuously studied the DHS technology. Therefore. the relevance of the Project is high.

(1) Conformity with the Indian Policy

The Indian Government clearly mandated that the Eleventh Five Year Plan (April 2007-March
2012) set a target by which all urban areas would be provided with a water supply and a sewage
and sanitation system by March 2012. The Government has allowed each State to formulate a
comprehensive urban development plan. The Twelfth Five Year Plan (April 2012-March 2017)
also prioritizes policies improving sewage and sanitation facilities. Ministry of Urban
Development (MoUD) promoted setting up of sewage treatment plants through the support of

¥ The rating is set for either high, relevantly high, fair, relevantly low, or low.
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)

Jawaharlal Nehru National Urban Renewal Mission (JNNURM), which ran from December
2005 to 2012. It covered 65 major cities. MOEFCC formulated the National River Conservation
Plan (NRCP) to improve the water quality of rivers. It established the Yamuna Action Plan
(YAP) and the Ganga Action Plan (GAP) for setting up sewage treatment plants. The Project
conforms to the Indian policy.

Relevancy to Japan’s ODA Policy Towards India

The Japanese Government has addressed one of the priority goals of eliminating poverty and
solving environmental issues through upgrading the water supply and sewage treatment in
“Country Specific Assistance Plan for India” (May 2006). It addressed support for sewage
treatment for river purification. The Project is positioned in the priority area of “Assistance for
Tackling Environment Issues and Climate Change” under the development issue of
“Conservation and Improvement of Urban Environment,” in “Rolling Plan for India” (June
2011). Thus, the Project is relevant to the Japanese ODA policy.

Responding to the Requirements of Sewage Treatment

Almost all UASB technology has adopted FPU in the post-treatment of effluents. However, the
BOD removal rate of a FPU is not adequate and requires spacious land for the construction of
the FPU. A new system treating UASB reactor effluents to save energy and land is needed.

Advantage of Japanese Research Experience

The approach of the Project is to utilize comparative advantage in the area of sewage
technology, as the expert team has continuously studied the DHS technology for more than ten
years.

4.2 Effectiveness: relatively high

Although progress of the Project has been affected bv several factors. Project Purpose and Qutputs
have mostly been achieved, or are expected to be achieved within the Project period. Therefore

Effectiveness is evaluated relatively high

(D

(2)

Achievement of Project Purpose and Outputs

Output 1 is expected to be achieved in terms of the Indicator 1-1: the DHS effluent quality and
Indicator 1-2: energy efficiency. Output 2 is expected to be achieved within the Project period if
necessary improvements are added on the Guidelines. The Project Purpose, development of
appropriate novel sewage treatment technology in terms of energy consumption, O&M, land
requirement and total cost, is almost achieved; however, appropriateness in terms of total cost
needs to be examined further.

Inhibiting Factor to Effectiveness
The delay of construction work and the fluctuation of water quality of influent to the DHS are
mentioned as the important assumptions to achieve the Outputs in the PDM. Those factors have

actually influenced the achieving the effectiveness. At initial stage, the accumulated sludge of
grit chamber and UASB affected the values of BOD of the DHS effluent. The sludge has
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gradually been removed periodically by UPJN. Other external factors such as the volatility of
electricity, seasonal insufficient supply of sewage water at the beginning of the Project have
affected the monitoring results.

4.3 Efficiency: fair

Inputs from both Indian and Japanese sides are provided. However, in the first half of the Project

period, the delav in construction of the DHS plant and establishment of co-research partnership have

affected the efficiency of the Project. In the latter half of the proiect. management of reguired

conditions for experimental research became a considerable challenge. Inputs of the short-term

Japanese experts were intermittent and short to implement the activities smoothly. After the

Mid-term Review, the Project has been able to execute joint research activities in collaboration with

Indian side.

(D

)

3)

Inputs

From the Government of India, the administrative staff for the Project, including Project
Director and Deputy Project Director from NRCD and Project Manager from UPIN, were
assigned. The Indian research organizations were involved in the Project after the Mid-term
Review.

Although the expertise of Japanese academics dispatched as short-term experts were adequate
to achieve the Project Purpose and Outputs, the timing and duration of dispatch were
intermittent and were not sufficient to conduct the Project activities, in particular with regard to
management of a proto-type DHS plant that requires constant attendance of a researcher with
sufficient knowledge on engineering and managerial skills for ensuring the experiment
conditions.

Equipment such as water quality analysis was provided by both sides. Some of them have
frequently been in want of repair because they have easily been damaged and breakage by
hydrogen sulfide which the 78MLD STP at Agra generates. Although the Project has made
considerable efforts to repair the damaged equipment, it sometime affects UASB-DHS
operation,

Trainings and Coordination Meetings in Japan

The trainings in Japan were curtailed to make the upper level personnel of C/P and related
organizations understand development of the DHS system. After the trainings in Japan,
participants’ interests in the development of the DHS system, its localization and expansion
increased. The training was appropriate in terms of contents, program, timing and duration,
which contributed to progress of the Project.

Inhibiting Factor to Efficiency
1) Establishment of co-research partnership:

The establishment of co-research study framework has been delayed. One of the factors which
may have made it difficult to establish institutional partnership may be the geographical
distance from the DHS site to those research institutes.

2) Short dispatch period of Japanese experts
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Most of the dispatch period of the short-term experts is short, for example the leader and
sub-leader have been dispatched five to seven days in each time including traveling time from
Japan (see Annex 3: List of Inputs of Japanese Experts). In the second half, dispatch of
researchers for the purpose of managing conditions necessary for experimental research and
O&M of the DHS plant has not been sufficient. [t is fair to judge that it is difficult for them to
manage the Project, discuss measures to be taken with Indian counterparts and transfer
technology by joint research work in such a short period. As for the other major researchers of
the UASB-DHS system, the duration of dispatch has been the same situation.

3) Preliminary study, time and communication for designing of DHS plant and research
experiment

The detail design and tender document of the DHS plant construction was prepared by Tohoku
University and a joint Japanese consulting firm within one month (late August to late
September 2012) based on the conditions of Karnal (UASB effluent quality: <60mg/L). Actual
conditions of UASB effluent was not known until the monitoring of DHS performance started
due to lack of preliminary verification study. Because of time and communication constraints, it
was difficult to hold exchanges between Indian and Japanese sides and verify the actual data.

While some have noticed that collaborative research work has been improved after the
Mid-Term Review, there have been remarks that some relevant organizations have not been
able to receive frequent communication and clear information on the progress of the Project,
design of the DHS plant and conditions for the experiment.

4) Difficulties in maintaining required conditions for the experiment

Because the Agra STP was operated under various physical, financial and operational
constraints, it has been difficult to control and maintain required conditions for the experiment,
namely DHS influent water quantity and quality.

4.4 Impact: relatively high

Some influences and the ripple effects brought by the Project are observed in the latter half of the

Project as described below. Various stakeholders including large-scale Indian private companies

show interest in further potentials of the DHS through the Project. After the completion of draftine

the Guidelines, the workshop and TOT which will be held in February 2016, the Project is expected

to produce more ripple effects. On the conditions that the following sustainability issues will be

addressed and the recommendations will be implemented. it is expected that the Project will be able

to_produce high impacts after the completion of the Project. Based on these conditions. presently the
impact can be judged as relatively high.

(1) Scientific outcomes

Data potentially useful for proving the comparative advantage of UASB-DHS system is being
accumulated, although publication of the scientific outcomes of the joint research is ongoing.

(2y Application of DHS system in India

Through the workshops organized by the Project, administrators and academics in India have
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become interested in the potential effectiveness of the DHS system development. They strongly
expect further enhancement of its performance and cost reduction by proper localization.
Furthermore, presentation of convincing scientific data which proves the advantage of the DHS
system is awaited.

(3) Involvement and fostering of young researchers of both sides for the research of UASB-DHS
system research

After the Mid-term Review, researchers of AMU and [I'T-Roorkee and other researchers who
study under the Japanese short-term experts have been participated in the continuous
monitoring.

(4) Maintenance of the UASB system

As a result of the existence of the Project and the Japanese researchers, issues related to the
maintenance of the 78 STP UASB system in Agra have been found, the awareness of
stakeholders have been raised, and actions to solve the problems of UASB system have been
undertaken by the Indian counterparts, with technical advice from the Japanese researchers as
well as the Indian researchers. The 78 STP related personnel have learned how to maintain and
operate UASB system for better treatment of sewage water.

4.5 Sustainability: relatively high

The sustainability in terms of policy is high, because the Indian policy directions are favorable to

energy and land saving STP which produces less sludge. From the institutional point of view, the
related organizations such as NRCD, UPJN have addressed the future support for the UASB-DHS
system. Therefore. the institutional sustainability is considered relatively high. The technical
sustainability is regarded as fair because it is required to clarify how the O&M of the DHS plant and
the research using the plant will be continued afler the Project completion. the Q&M of the DHS still
needs the expert guidance and directions. For the financial sustainability, although Indian side has
expressed its will to ensure the O&M cost of the UASB-DHS system, the continuous development of

the DHS and its localization needs the finances to support the activities. The financial sustainability
is fair. Therefore, it is concluded that the sustainability as a whole is considered relatively high.

(1) Policy sustainability: high

The recent trend on policy concerning sewage water treatment is favorable to energy saving
STP development. As already stated in Relevancy, the Government is trying to strengthen
expansion of STP for river conservation. NRCD continues to put higher priority on the
development of new sewage treatment technology from a view point of life cycle cost.

In addition, a new regulation for discharge standard (<I10mg/L) is expected to be introduced
within several months, followed by two years of preparatory phase and five years of
compliance phase, during which municipalities and State Governments will be prompted to
upgrade their STPs in order to meet the new standards. The UASB-DHS system can be
proposed as an advantageous sewage treatment technology.

Therefore, the sustainability from the aspect of policy is expected to be maintained at a high
level.

(2) Institutional sustainability: relatively high
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The related organizations such as NRCD, UPJN have addressed the future support for the
UASB-DHS system. A workshop on dissemination of the UASB-DHS system for
decision-makers is planned in February 2016.

(3) Technical sustainability: fair

As for the research and development, IIT Roorkee and AMU counterparts have expressed their
interests in continuing the DHS research with support from the Ministry of Science and
Technology, and AMU is proceeding to application for grant funds. However, it is not yet clear
what kind of framework for further research will be established, either by the Indian side, or as
a joint research.

As for the O&M of the DHS plant, the engineers and a water analyst of 78MLD STP at Agra
have already been assigned by UPJN and trained for the operation and maintenance of the DHS
plant. It was confirmed by UPJN that they will continue to work for the UASB-DHS system.
The TOT for sewage engineers on UASB-DHS system will be held in February 2016. However,
the continuous monitoring and research, and further development of UASB-DHS system still
need guidance and directions by Japanese academics.

(4) Financial sustainability: fair

UPIN expressed its will to ensure the cost for O&M for the UASB-DHS system after the
completion of the Project. Same as the technical sustainability, the DHS continuous
development and its localization needs the finances to support the activities.

4.6 Conclusion

It is expected that most outputs will be achieved during the Project period with efforts of Indian side
and Japanese side. Since the contents of the project cooperation meet the policies and the needs, it is
fair to say that the relevancy is high. The project purpose is expected to be mostly achieved and most
of the project activities will be completed. Inputs from both Indian and Japanese sides are provided,
although the delay in construction of the DHS, establishment of joint research partnership and
constraints in the researchers’ dispatch and communication have affected the Project. Because of the
experimental feature of the Project, the initial cost of the DHS plant was high. Some equipment are
difficult to maintain and needs frequent repair. Therefore efficiency is judged fair. Sustainability in
terms of policy is high; however, concrete framework for continuation of research and development
of the UASB-DHS system in India remains to be established.

5. Recommendations and Lessons Learned
5.1 Recommendations

(1) Clarification of performance and advantage of the UASB-DHS system with continuous data
monitoring and analysis
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The relationship between influent quality (BOD), quantity (MLD) for achievement of effluent
quality standard (<30mg/L) needs to be further monitored, analyzed, and clearly presented. The
results of such analysis need to be reflected in the UASB-DHS Design Guidelines.

In addition, the UASB-DHS design and operation conditions for achievement of the prospective new
Indian effluent quality standard (<10mg/L) need to be analyzed and proposed. The comparative
assessment of all parameters in addition to BOD is recommended.

(2) Revision of the UASB-DHS Design Guidelines, O&M Guidelines and the brochure

The UASB-DHS Design Guidelines and O&M Guidelines need to be improved by reflecting the
results of further analysis to achieve effluent standards as mentioned in the above (1). so as to
include more comprehensive information to the extent that enables the Indian side to
independently design, construct and operate new DHS plants under the Indian context, as follows.

- Measures against various UASB influent qualities, such as high BOD, COD, low BOD/COD
- Measures to meet the prospective new discharge standard of BOD <10mg/L

- Demonstration of the relation between influent BOD, effluent BOD and HRT, which will enable
users to adjust the operation of the DHS system to various UASB and DHS influent qualities

- Re-examine the appropriateness of the total cost of the UASB-DHS system using the cost
estimation of construction of actual plants instead of a proto-type experimental plant.

Furthermore, it is recommended to improve the existing UASB-DHS system brochure so as to make
a stronger case on its cost- and energy-efficiency compared with other STPs, and to target the
concerned decision-makers.

(3) Roadmap for dissemination of scientific achievements and the DHS Guidelines to
policy-makers and stakeholders to promote practical application in India

In order to promote the application of the DHS system in India, NRCD shall take necessary action to
disseminate the scientific achievements as well as-the benefits of the Project. These Guidelines need
to be circulated to the State Governments and ali the concerned decision-makers.

The State Governments, as the key stakeholders in charge of decision-makings of STP technologies
need to recognize the advantage of the DHS system. A roadmap for promotion of practical
application of the DHS system in India needs to be developed, and necessary information
dissemination for decision-makers shall be conducted within the Project period.

(4) Continuous research and development and adaptation of the DHS to Indian context

While it is said that further research and development is needed to adapt the DHS system to the
Indian context, it is not clear how the present research activities will be continued after the Project
completion. It is recommended that the Indian side shall take forward the planning for continuous
rescarch and development of the DHS system before and after the completion of the Project.
Japanese researchers should strengthen technical transfer of research and development to Indian
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researchers during the remaining period. After the completion of the Project, Japanese side also
needs to consider necessary technical and academic support for the continuity of such research
activities as there was a 15 month delay in completion of the 5 MLD DHS pilot plant.

It is also important to mutually share the results of the researches including those related to sponge
media, as planned by the end of the Project period.

(5) Continuous O&M of the UASB-DHS system and provision of necessary technical support

The DHS plant needs to be regularly operated based on O&M Guidelines so as to maintain its
function and avoid damage to the plant including sponge media. It is requested that the UPJN
ensures allocation of personnel and financial resource for adequate management of the UASB-DHS
system and related analytical equipment. It is recommended that UPJN prepares a new location to
move the analytical equipment to avoid further damages due to corrosive atmaosphere.

It is also necessary to monitor the performance of the DHS plant after the completion of the Project.
CPCB may regularly conduct sample analysis of the effluent water from the DHS under the
supervision of NRCD.

Since technical difficulties may occur during the continuous O&M of the proto-type plant, Tohoku
University is requested to maintain contact with UPJN and facilitate provision of technical support in
case of necessity.

(6) Planning of joint research paper and presentation in international conference by both countries’
researchers

As SATREPS is a joint international research scheme, a plan for publication of joint research
article(s) by the end of the Project should be proposed as the scientific outcome of the Project, and it
is desired to be presented in an international conference.

5.2 Lessons Learned
(1) Prior confirmation of the experiment site through preparatory studies

Due to insufficient verification of basic conditions of the experiment site such as UASB effluent
quality and quantity, the Project encountered unexpected challenges when operation and monitoring
of the DHS plant started. It is necessary to conduct a thorough preparatory study of site conditions
prior to designing new facilities and conducting experiments, and take necessary measures against
potential risks well in advance.

(2) Dispatch of Long-term Expert specialized in the DHS

The short-term experts have been periodically dispatched to monitor the results of treatment through
the DHS during the Project. However, during and after the completion of the DHS plant, the Project
lacked the permanent presence of a Japanese researcher who could coordinate with the Indian
counterparts on a daily basis to control basic conditions for the experiment. For Projects which
involves construction and O&M of a proto-type plant, further time and human resource needs to be
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allocated continuously for smooth operation, communication and trouble shootings.
(3) Communication and institutional co-research partnership

In the case where the research is not conducted within the partmer research organizations, greater
efforts need to be paid in order to build institutional co-research partnerships among adequate levels
of both universities from much earlier stage, and fo maintain communication with various relevant
organizations in order to overcome the challenges of complexity and distance, such as by increasing
the frequency of face-to-face meetings, joint organization of events, or publication of newsletters.
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Annex 1 PDM version 1

Project Name: UASB-DHS Integrated System — A Sustainable Sewage Treatment Technology

Representative Agency: National River Conservation Directorate, Ministry of Environment and Forests (NRCD), Utter Pradesh (U. P.) Jal Nigam, and Central Public Health and Environment
Engineering Organization, Ministry of Urban Development (CPHEEQ)

Research Institute: Aligarh Muslim University (AMU), Central Pollution Control Board, Ministry of Environment and Forests (CPCB)

Project Period: May 2011 to May 2016 (5 years)

Model Site: Agra, Utter Pradesh State Ver.1.0 Date: Junc 7, 2013

Narrative Summary Objectively Verifiable Indicators Means of Verification Important Assumptions

Overall Goal

Project Purpose

A novel sewage treatment technology, which is appropriate from
viewpoint of energy consumption, O&M, land requirement and total
cost, is developed.

Output 1 1. Effluent water quality continuously meets
The applicability of Up-flow Anaerobic Sludge Blanket (UASB)— effluent discharge standard value of BOD
Down-flow Hanging Sponge (DHS) system for sewage treatment in 30mg/L for more than a year.
India is verified through a continuous operation of the 2. UASB-DHS system is demonstrated to be
newly-established UASB-DHS system in Agra, Uttar Pradesh State. more elfective in terms of energy

conservation.
Output 2 1. Design Guidetines for UASB-DHS system is
Design and O&M Guidelines for UASB-DHS system are drawn up, presented to NRCD, UPJN and CPHEEO .
and dissemination plan for the Guidelines and Manual (Draft) is 2. O&M Manual (Draft) for UASB-DHS
prepared, system is presented to NRCD, UPIN and

CPHEEQ.
Activities for Qutputi Input  <Input from JICA> Input <Input from Indian side> - UASB efTluent water quality
1. Procurement of media for DHS reactor. 1. Japanese Experts 1.  Assigning C/P personnel (influent of DHS) does not
2. Design and construction of UASB-DHS system (1) Long-term expert: Project Coordinator |2.  Buildings and Facilities fluctuate significantly.
3. Continuous operation of UASB-DHS system and evaluation of the (2) Short-term experts (researchers) 3.  OffTice space for JICA experisand |- Construction work of DHS

applicability for sewage treatment in India. - Leader meetings system will not delay
- Sludge Management 4. Facilities and services such as considerably.

- Environmental Microbiology electricity, gas, water, telephone
- Risk Management s

5. Operational expense for the project  [Pre-conditions
- Plant Management P pe pros

Sewage Treatment activities
- Sub-leader 6. Land, building, utilities (such as

- Wastewater Treatment electricity, water and gas/oil) and

- Environmental Management Pcrsonnel to operate the
- Plant Technology “UASB-DHS Integrated System™ at

2. Machinery and equipment sewage treatment plant in Agra
- Pilot plant for sewage treatment

-Equipment for water quality analyses
3.  Training of Indian Personnel in Japan

Activities for Cutput2

1. Preparation for Design Guidelines for UASB-DHS system.

2. Preparation for O&M Manual (Draft) for UASB-DHS system.

3. Training courses with prepared Design and O&M Guidelines for
UASB-DHS system.
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Annex 3: List of Inputs of Japanese Experts (As of the end of September 2015)

I. Short-term Expert

Name Rese‘a reh Institution Tenure
Subject From To Days
1 | Prof. Hideki Chief Adviser, Tohoku May 24, 2011 May 28, 2011 )
Harada Leader University September 20, 2011 September 24, 2011 5
January 17, 2012 January 21, 2012 5
April 10,2012 April 14,2012 5
June 13,2012 June 16,2012 4
July 8,2012 July 12,2012 5
October 9, 2012 October 12, 2012 4
December 9, 2012 December 13, 2012 5
April 3, 2013 April 7, 2013 5
June 23, 2013 June 26, 2013 4
October 20, 2013 October 23, 2013 4
November 20, 2013 November 22, 2013 3
December 14, 2013 December 20, 2013 7
March 31,2014 April 2,2014 3
June 30, 2014 July 4, 2014 5
October 13,2014 October 19, 2014 7
December 24, 2014 December 25, 2014 3
January 13, 2015 January 16, 2015 4
May 21, 2015 May 27,2015 7
June 18, 2015 June 22, 2015 5
August 19, 2013 August 22,2015 4
2 | Prof. Shigeki Sub-leader Kisarazu May 24, 2011 May 28, 2011 5
Uemura Institute of August 22, 2013 August 26, 2013 5
National December 15,2013 December 19, 2013 5
College of
Technology October 15, 2014 October 17, 2014 3
June 5, 2015 June 8, 2015 4
July 22,2015 July 29, 2015 8
3 1 Assist, Prof. Environmental Tohoku January 15, 2012 January 20, 2012 6
Kengo Kubota Microbiology University January 25, 2013 January 28, 2013 4
June 23, 2013 June 26, 2013 4
December 11, 2013 December 20, 2013 10
July 29,2014 August 4, 2014 7
October 12,2014 October 19, 2014 8
August 29, 2015 September 2, 2015 5
4 | Assist, Prof. Wastewater Kisarazu May 24, 2011 May 28, 2011 5
Tsutomu Okubo Treatment Institute of September 20, 2011 September 24, 2011 5
National January 17, 2012 January 21, 2012 5
College of
Technology February 29, 2012 March 4, 2012 5
December 11, 2012 December 13, 2012 3
August 22, 2013 August 26, 2013 5
December 1, 2013 December 15, 2013 15




May 30,2014 June 9, 2014 11
August 27,2014 August 31, 2014 5
January 13, 2015 January 16, 2015 4
June 5, 2015 June 8, 2015 4
July 22, 2015 July 29, 2015 2
5 | Prof. Takashi Environmental Nagaoka January 17, 2082 January 21, 2012 5
Yamaguchi Management University of March 6, 2012 March 8, 2012 3
Technology | Noyember 29, 2013 December 1, 2013 3
June 30, 2014 July 3, 2014 4
QOctober 15, 2014 QOctober 17, 2014 3
July 23, 2015 July 25, 2015 3
6 | Mr. Kengo Sewage Tohoku May 24, 2011 June 25,2011 i3
Matsunaga Treatment University Iuly 4, 2011 July 30, 2011 27
January 13, 2012 January 20, 2012 8
February 1, 2012 February 25, 2012 25
May 24, 2012 August 31,2012 100
February 15, 2013 August 8, 2013 22
August 17, 2013 August 26,2013 10
February 8, 2014 March 1, 2014 22
7 | Ms. Ryoko Plant Tohoku May 24, 2011 June 10,2011 18
Taniguchi Management University August 9, 2011 September 30, 2011 53
October 9, 2011 December 9, 2011 62
December 21, 2011 March 9, 2012 49
March 31, 2012 May 17,2012 48
August 27, 2012 November 30, 2012 96
December 20, 2012 February 22, 2012 65
March 10, 2013 May 1, 2013 52
8 | Dr. Akinobu Environmental Nagaoka June 7, 2012 June 29, 2012 13
Nakamura Bioengineering | University of
Technology
9 | Assist, Prof. Risk Niigata December 13, 2012 December 16, 2012 4
Akinori Iguchi Management University of January 25, 2013 January 28, 2013 4
Pharmacy August 22, 2013 August 26, 2013 5
and Applied
Life Sciences December 15,2013 December 20, 2013 6
October 15, 2014 October 19, 2014 5
February 8, 2015 February 10, 2013 3
June 18, 2015 June 20, 2015 3
10 | Prof. Tadashi Sludge Kagawa December 8, 2012 December 12, 2012 5
Tagawa Management Institute of March 21, 2013 March 25, 2013 5
National August 22, 2013 August 26, 2013 5
College of ? ’
Technology May 12, 2014 May 23, 2014 12
June 8,2014 June 17,2014 10
July 14,2014 July 22, 2014 9
October 14, 2014 October 18, 2014 5
December 10, 2014 December 19, 2014 10
March 21, 2015 March 31, 2015 il
May 21, 2015 May 27, 2013 7
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July 16, 2015 July 21, 2015 6
August 12, 2015 August 17,2015 6
11 | Assist. Prof. Environmental Nagaoka December 11, 2012 December 13,2012 3
Masashi Microbiology University of March 14, 2013 March 20, 2013 9
Hatamoto Technology December 1, 2013 December 6, 2013 6
October 15, 2014 October 18, 2014 4
January 14, 2015 January 16, 2015 3
July 11, 2015 July 18, 2015 8
12 | Assist. Prof. Plant Tohoku December 8, 2012 December 12, 2012 5
Masanobu Management University January 20, 2013 January 28, 2013 9
Takahashi December 11,2013 | December 25, 2013 15
May 21, 2014 May 31, 2014 11
June 24, 2014 July 2, 2014 9
October 15, 2014 QOctober 18, 2014 4
January 13, 2015 January 16, 2015 4
July 16, 2015 July 21, 2015 7
August 12, 2015 August 17, 2015 6
13 | Dr. Narin Plant Nagaoka November 9, 2013 February 22, 2014 106
Pattananuwat Management University
of Technology
14 | Dr. Vinay Kumar } Wastewater Tohoku December 14, 2013 February 25, 2014 74
Tyagi Treatment University March 3, 2014 July 15,2014 133
July 20, 2014 November 24, 2014 128
December 1, 2014 January 8§, 2015 39
January 10, 2015 January 14, 2015 5
15 | Dr. Kenichi Abe | Sewage Tohoku May 4, 2014 July 18, 2014 76
Treatment University November 21, 2014 December 3, 2014 13
16 | Dr. Muntjeer Ali Wastewater Tol.mku. September 2, 2013 September 30,2015 29
Treatment University
17 | Mr. Naoki Plant Nagaoka January 16, 2015 February 6, 2015 22
Nomoto Management University of March 21, 2015 April 10,2015 21
Technology May 20, 2015 June 9, 2015 21
July 5, 2015 July 28, 2015 24
September 6, 2015 September 25, 2015 20
18 | Ms. Namita Sewage Nagaoka February 3, 2013 March 8, 2015 34
- | Maharjan Treatment University of June 6, 2015 July 8, 2015 33
Technology
July 11,2015 July 28, 2015 18
2, Long-term Expert
Name Rese:':xrch Institution Tenure
Subject From To Days
| Mr- Ryosuke Project October 11,2011 |  September 30,2015 | 1,400
Iwasa Coordinator
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Annex 4: List of Counterpart Personnel

1

. Project Director

Name Title Organization From Tenure To
1 | Mr. Brijesh Sikka Director NRCD, MOECC May 2011 | Sep. 2012.
2 | Mr. K.C. Rathore Director NRCD, MOECC Sep. 2012 | Mar. 2014
3 | Mr. Ravi Sinha Director NRCD, MOECC Mar. 2014 | Nov. 2014
4 | Mr. Lalit Kapur Director NRCD, MOECC Nov. 2014 Feb. 2015
5 | Mr. Ravi Sinha Director NRCD, MOECC Feb. 2015
2. Deputy Project Director
Narme Title Organization From Tenure To
1 | Mr. Sanjay K. Singh Deputy Director NRCD, MOECC May 2011
3. Project Manager
Name Title Organization From Tenure To
1 | Mr. V.P. Singh General Manager gg:::?:ia{ifil,{lu[tjg'}[\l May 2011 | Dec. 2011.
2 | Mr. N.K. Tygi General Manager é’gﬁg{:&{l}’;{{lu&gl}b} Mar. 2012 Jun. 2012
3 | Mr. A K. Saxena General Manager gglr;:;agsiiht}g}[\l Aug. 2012 Jun. 2014
4 | Mr. P. K. Agrawal General Manager gzrl.::ré]la{l;?iilu[t};l}l\] Aug. 2014
4. Deputy Project Manager
Name Title Organization Fror Tenure o
I | Mr. N.K. Tygi Project Manager ggg;gagsil:uagl}bl May 2011 Mar. 2012
. Yamuna Pollution
2 | Mr. A.K. Saxena Project Manager Control Unit, UPJN May 2012 July 2012
. Yamuna Pollition
3 | Mr. S.K. Bansal Project Manager Control Unit, UPJN Aug. 2012 | Sep. 2013.
4 | Mr. R.K. Singh Project Manager ggxq:::laljpsiit:lusgl}N Nov. 2012 |  Aug. 2014
5 | Mr. Khalid Ahmad Project Manager ggiﬂr;la[i?{ltluﬁgr}[\] Aug. 2014 Apr. 2015
6 | Mr. M.K. Bansal Project Manager ggmr;aglﬁltlug;}q Apr. 2015
5. Researcher
Name Title QOrganization From Tenure To
1 | Dr. Nadeem Khalil Assistant Professor Aligarh Muslim May 2011
) University Y
. Professor, Department | Indian Institute of
2 | Dr. B.R. Gurjar of Civil Engineering Technology Roorkee Jan. 2015
. Professor, Department | Indian Institute of
3 | Dr. A.A Kazmi of Civil Engineering Technology Roorkee Jan. 2015
Research Schelar - .
. . : Indian Institute of
4 | Ms. Komal Jaiswal geplt. of Civil Technology Roorkee Jan. 2015
ngineering
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Annex 5: Counterpart Trainings in Japan

. Coordination Meeting from September 22 to October 1, 2013.

Name Title Organization
1 | Mr. Brijesh Sikka Advisor NRCD, MOEFCC
2 | Mr. Sanjay Kumar Singh Deputy Director NRCD, MOEFCC
3 ¢ Mr. AK Saxena General Manager Yamuna Pollution Control Unit, UPIN

. . Department of Urban Development,

4 | Mr. Shreeprakash Singh Special Secretary government of U.P., Lucknow
2. C/P Training in Sewage Treatment Technology and Management from November 2 to 12, 2014,

Name Title Organization
I | Mr. Ravi Sinha Director NRCD, MOEFCC
2 | Dr. Vinod K. Singh Deputy Director NRCD, MOEFCC
3 | Mr. P.K. Assudani Managing Director UPIN
3. Coordination Meeting from September 26 to October 4, 2015.

Name Title Organization
I | Mr. Sanjay Kumar Singh Deputy Director NRCD, MOEFCC

. Scientist 'E’,
2| Dr. RM. Bhardwaj Additional Director CPCB, MOEFCC
3 | Mr. P.K. Agrawal General Manager Yamuna Pollution Control Unit, UPIN
Professor, . .
4| Dr. AA. Kazmi Department of Civil Indian Institute of Technology Roorkee
Engineeri (IIT Roorkee)
ngineering

5 | Dr. Nadeem Khalil Assistant Professor Aligarh Muslim University (AMU)
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Annex 6 List of the Equipment Provided by the Government of Japan

1.  Facilities
» 5SMLD DHS Pilot Plant at 78MLD STP in Agra
Rehabilitation of Laboratory and Office at 7§8MLD STP in Agra
» Security Fence for SMLD DHS Pilot Plant at 78MLD STP in Agra

2. Equipment

—¥01—

A. Procured in India by JICA India Office

Installation Date Name of Equipment Maker / Model Quantity Location
1 {03 Aug. 2012|Ultrasonic Processor (Homogenizer} IKA / T25 Digital Ultra-Turrax Package I 78MLD STP, Agra
2 {04 Sep. 2012|Distilled Water Equipment ELGA / PURELAB OPTION-R7 1 78MLD STP, Agra
3 {24 Nov. 2012|Power Stabilization System Glove Electricals / 100 KVA Voltage 3Ph Stabilizer 1 78MLD STP, Agra
4 107 Dec. 2012|Fume Hood Acmas Technocracy / ACMA42105L (WEIBER) 2 78MLD STP, Agra
5 }07 Dec. 2012|Clean Bench Acmas Technocracy / ACMA4210IL (WEIBER) 1 78MLD STP, Agra
6 {17 Nov. 2012|Ice Flake Machine Acmas Technocracy / ACM-780955 (WEIBER) I 78MLD STP, Agra
7 114 Dec. 2012|Deep Freezer SKADI EUROPE / U445-86 1 78MLD STP, Agra
8 121 Jan. 2013 |Incubator for Sterilization TOKYO RIKAKIKAL/NDS410 1 78MLD STP, Agra
9 101 Mar. 2013|Refrigerated Centrifuge KUBOTA / 6500 AG-508CA 1 78MLD STP, Agra
B. Procured in Japan by Tohoku University (with financial support of JICA)

Installation Date Name of Equipment Maker / Model Quantity Location

10 {18 Jul. 2013 |Digesdahl Digestion Apparatus HACH / HACH Digesdahi 5 78MLD STP, Agra
11 | 18 Jul, 2013 |Absorptiometer HACH / DR5000 2 78MLD STP, Agra
12 | 18 Jul. 2013 [Automatic BOD Sensor System WTW / Oxi Top Model 6 | 78MLD STP, Agra
13 | 18 Jul. 2013 |Digital DO Meter (Table Model) TOKO KAGAKU / TOX-999i 1 78MLD STP, Agra
14 {18 Jul. 2013 |Oxygen Indicator YSI/ Model 5300A 1 78MLD STP, Agra
15 {18 Jul. 2013 |Spectrophotometer GE Health Care / NanoVue Plus with SD Card 1 78MLD STP, Agra
16 |18 Jul. 2013 jAunto Sampler ISCO/6712A - Avalanche 3 78MLD STP, Agra
17 {18 Jul. 2013 |Desiccator AS One/ 1-961-02-1W 1 78MLD STP, Agra
18 | 18 Jul. 2013 jAspirator SANSYO/SPC100 1 78MLD STP, Agra
19 | 18 Jul. 2013 {Vacuum and Air Pump IWAKI/ APN-085 2 78MLD STP, Agra
20 | 18 Jul. 2013 |COD Digester HACH/DRB 200 1 78MLD STP, Agra
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Installation Date Name of Equipment Maker / Model Quantity Location

21 | 18 Jul. 2013 |Portable Colorimeter HACH / DR-890 1 78MLD STP, Agra
22 | 18 Jul. 2013 |Desiccator Yacuum AS One / VDR-20 1 78MLD STP, Agra
23 | 18 Jul. 2013 |Power stabilization/Transformer KASHIMURA / Up-Down Trans <T1-37> 5 78MLD STP, Agra
24 | 18 Jul. 2013 |Dry Thermo Unit TAITEC/DTU-1B 1 78MLD STP, Agra
25 | 18 Jul. 2013 jDeep Block for Micro-tube TAITEC/ AL-1136 1 78MLD STP, Agra
26 |01 Mar. 2013|Gas Chromatography SHIMAZU / GC-8A 1 78MLD STP, Agra
27 |01 Mar. 2013}Data Processing and Analysis System SHIMAZU / C-RBA 1 78MLD STP, Agra
28 (01 Mar. 2013;Stainless Steel Column SHIMAZ GLC/ ZT-13 2 78MLD STP, Agra
29 | 18 Jul. 2013 |Bead-beater leda-Boeki / 3310BX 1 78MLD STP, Agra

C. Procured by the Project

Installation Date Name of Equipment Maker / Model Quantity Location

30 |15 Feb. 2012|Bacteriological Incubator Swastika / INB-118 (Memmert German Type) 2 78MLD STP, Agra
31 |15 Feb. 2012|B.0.D. Incubator Swastika / INC121 1 78MLD STP, Agra
32 |15 Feb, 2012|Autoclave (Vertical) Swastika / AUV-113 1 78MLD STP, Agra
33 |15 Feb. 2012|Oven Universal Swastika / OVU-197 1 78MLD STP, Agra
34 |15 Feb. 2012|Muffle Furnace for Industrial Use Swastika / MFI-192 ] 7T8MLD STP, Agra
35 |23 Feb. 2012 Water Bath Incubator Shaker Swastika / Metabolic Shaking Incubator 1 78MLD STP, Agra
36 |23 Feb. 2012 Water Bath Thermostatic Rectangular Swastika / WBT-266 1 78MLD STP, Agra
37 [17 Feb. 2012{Sprout Mini Centrifuge Heathrow Scientific / Baio Media-24-009 I 78MLD STP, Agra
38 |20 Feb. 2012|High Pressure Jet Cleaning Machine ANNOVI/ AR-565 I 78MLD STP, Agra
39 |28 Feb. 2012|Refrigerated Centrifuge Weiber / ACM-67894-C I 78MLD STP, Agra
40 |29 Feb. 2012|Electric Balance Citizen / CX220 2 T8MLD STP, Agra
41 |29 Feb. 2012|Vortex Shaker Acmas / ACM-42310-U (Weiber) 2 78MLD STP, Agra
42 |29 Feb. 2012Multi Position Magnetic Stirrer IKA 1 78MLD STP, Agra
43 |29 Feb. 2612 |Ceramic Hot Stirrer IKA 1 78ML.ID STP, Agra
44 (01 Mar. 2012|Cyberscan Portable pH/ORP Meter Eutech / Riviera-ECPH 102K 2 78MLD STP, Agra
45 |01 Mar. 2012|Ultrasonic Cleaner Rivotech / Riviera-19000020 1 78MLD STP, Agra
46 |15 Dec. 2012|High Pressure Seamless Gas Cylinder 47L Argon & Nitrogen Gas Cylinders with Regulator 1 Set 78MLD STP, Agra
47 124 Mar. 2014|Desktop Shaking Water Bath (Part 1) TAITECH / SM-05R l 78MLD STP, Agra
48 24 Mar. 2014{Desktop Shaking Water Bath (Part 2) TAITECH / Personal-11 1 78MLD STP, Agra
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