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1

Objectives and structure of the mission

The RE component of the REEEP (former SED) has already worked in its 1 st phase on various
Renewable Energy Technologies (RET) to pilot them, including retained heat cookers, solar drinking
water pumps and biogas piping from slaughterhouses. In most cases, the pilot projects were
financed by GIZ. In the current (2nd) phase, the focus of the component lies on the development and
piloting of proper business models to provide a basis for the deployment of selected RETs.
Table 1: Objectives and indicators of the REEEP Programme
Objective
Programme

Component
(RE)

Indicators

Concepts for the deployment of
RETs and for the enhancement
of EE are successfully applied in
Bangladesh



Practically proven approaches of
deployment
of
RETs
(for
households and small- and
medium-scale enterprises) are
available







80 service providers offer RE- or EE
Technologies, services and support for credit
applications
Realized energy savings and the generated
energy from renewable energies (which shall
enable commercial activities) shall result in an
equivalent of 15.000 toe.
4 investment proposals are submitted to debt
and equity finance institutions
For 7 RETs practically proven concepts for the
deployment in rural areas are available

The selected RETs for the 2nd phase have not to be the same as in the 1st phase, so that the
programme team decided to look at “new” RETs such as solar chillers (for the dairy
industry), solar cold storages (for horticulture products), solar aerators (aquaculture) and
solar roof-top systems in the residential sector.
The mission of the consultant had the objective to roughly assess the market potential and the
feasibility of possible business models for these “new” RETs. In addition, the consultant was
supposed to provide an overview to the team about the methodology to develop and analyze
business models.
It has to be highlighted, that the TOR for the conultant’s assignment were very generic, as they
were defined by both parties without knowing yet each other. The consultant gave much input to the
TOR, however without knowing yet the situation “on the ground”. Thus, both parties agreed to take
the TOR just as a rough basis for orientation, but to interpret them flexibly.
Against this background, the consultant dedicated most of her time before and during the field
mission to develop the business models, especially including the financial models and not so much
on the research of the market potential. The meetings followed the purpose to get a general
overview about the respective sector and the market environment for the various RETs as well as to
collect input data as basis for the business and financial modelling.
The mission consisted of mainly 3 parts:




Internal workshop with the team (1 day)
Field trip: Meetings with farmers’groups (2.5 days)
Meetings with stakeholders in Dhaka and internal discussions.

Methodology
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For giving an overview to the team about business and financial models, the consultant prepared
some presentations for a 1-day internal workshop (annex 6.2). The workshop had 2 modules:
1)

Features of business models and procedures to develop a business model: In this module
the consultant highlighted that RETs can only be deployed if finance from private sector is
unlocked and that this requires a business model with a reasonable return on investment. Key
features such as “customer value”, “costs”, “revenues” and “partners” were explained and main
kinds of business models were presented, before the procedure for developing a business
model has been shown.

The consultant underlined that a pilot project shall also prove a business model and allows to
fine-tune it in a way that local suppliers / service providers can be engaged after such a pilot project.
In this context, it would be important that private investors are already involved in a pilot project.
2)

Examplary business and financial models for selected RETs (cold storages, solar
chillers, roof-top systems): In this module the consultant illustrated business models, e.g. the
lease-to-own model coupled with a fee-for-service model for solar cold storages. Examples
were taken from other countries. The consultant had interviewed some technology providers
(cold storages and chillers) before the mission, in order to be able to prepare the case studies.
Besides information about the technologies and their costs, information about the customer
value and the features of the business model were provided to the team. Finally, the consultant
went together with the team through the exemplary financial models, by discussing input data
and changing input data to see then, to what extent performance indicators such as equity IRR
and project IRR, payback periods, NPV etc. are sensitive to the inputs. By this way, awareness
was raised for the importance to collect reliable data.

During the field visits the consultant and the team member (Shadekul) focused on getting relevant
information, as basis for the analysis of feasibility of cold storages and milk chillers. For that
purpose, farmers were met. Due to time constraints, the team had just one group meeting with
farmers in each village; after the first village visit, it was also realized that this was the most efficient
way to get information, as the farmers helped each other to come to realistic figures, e.g. in terms of
productivity, prices for products and inputs etc. The field visits gave a very good insight into the
socio-economic situation in the villages:
Table 2: Overview about collected information in the field
Horticulture






Dairy farming

 No. of households in village
 No. of HH with own land; clustering of HH according to size of own (cultivated) land
 Clustering of HH according to other assets (cattle/ cows, SHS, motor bike)
 Main income sources for HH
Main crops and their seasonality
 Clustering of HH acc. to no. of cows
Size of farms
 Yield (without chilling point)/ cow
Productivity/ crop
 Share of milk which is sold
Selling prices and their seasonal
 Prices
fluctuation
 Inputs (feed) and their costs
 Impact of a chiller: yield increase (due to AI,
high value breeds) etc.

1
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 Value chain
 Access to extension service providers
 Access to finance
 Dynamics in terms of grouping

2
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The meetings with the farmers resulted in 2 main conclusions, which provided the basis for the
further meetings during the missison:




Decentralized chilling points have a huge impact: In a village almost all farmers shifted to
cross breeds or even Australian breeds, so that the daily income increased from 50 TK to 380
TK/ day. The chilling point, which was visited, was owned and operated by PRAN, one of the
large dairy processors.
Cold storages: For reasons of seasonality it will be difficult to utilize the storage over the whole
year, which challenges the viability of a system. Harvest seasons are mainly from November –
July over all crops and fruits and the products are anyway sold during the months of high prices,
i.e. in the beginning of the season and at the end; prices are lowest in the middle of the season
of each crop, which is then the best time to store the respective crop. Thus, the fresh products
have to be stored for a very long time, so that farmers can benefit from significant price
fluctuations. Finally, the demand patterns also question the benfits of a storage, e.g. after the
tomato season (Nov.-April), people are tired of eating tomatoes and buy rather other products,
so that the tomatoes of April have to be stored at least for 1 month before being sold. It became
very clear that it is very challenging to structure a pilot project in a way, that it could demonstrate
not only the technical but also financial feasibility.

Therefore, the team decided after the field trip to focus on solar chillers (for dairy industry) for
the time being.
All the meetings after the field trip were related to solar chillers and solar roof-top systems. A
detailed list of meetigs is attached to this report (annex 6.1.). Following table gives a rough overview:
Table 3: Overview about meetings
Solar chiller/ dairy

Solar roof-top system (residential sector)

 BRAC (dairy processor)
 PRAN (dairy processor)

 Solar companies
 DESCO – Dhaka Electric Supply Company
 BPDB – Bangladesh Power Development
Board




EnDev
KfW
IDCOL

In regards to the solar chiller, it was possible to adapt the finance model to the situation in
Bangladesh (based on real figures, which were collected during the field trip), so that it was possible
to present it to the CEO of BRAC dairy and, thus, to raise interest. Concrete next steps were agreed
on. A meeting with PRAN, another dairy processor, gave so many information/ data, that the
consultant together with the team member was able to start to finetune the financial model.
For the solar aerator, the consultant had mainly internal meetings with the responsible team
member, Sajib. On that basis and in consideration of the results of a study (“Schroeder-study”), the
feasibility of a solar aerator has been roughly analyzed.
At the end of the mission, the whole team met to discuss the next steps for each of the considered
RETs

3
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2

Development of a business model for solar
chillers (dairy industry)

2.1

Pre-feasibility analysis

On basis of meetings with 2 farmers’ groups in North West Bangladesh as well as of meetings with 2
dairy processing companies, BRAC and PRAN, the feasibility of a solar chiller has been analyzed by
the consultant, in cooperation with the GFA project team.
The business model is quite clear in case of the solar chiller:





The dairy processing company is supposed to invest in a solar chiller, which would be placed at
a decentralized chilling point
Farmers and/ or intermediaries (Bepari) drop the milk at the chilling point; the farmers get paid
according to the fat content of the milk/ l. The fat content is measured by a milk attendant at the
chilling point, who is employed by the processor.
The investment into the solar chiller will be recovered through the sales of additional
(processed) milk on the wholesale market.

This business model is already applied in the field by the dairy processing companies: Both BRAC
and PRAN have around 100 chilling points in the country, which collect and store the milk before the
milk is collected by the processor. The installed capacity of the chiller is usually 1000l and the milk is
collected 1-2 times/ day by the processor. Currently, all chilling points are grid-connected, however
due to unreliable power supply from grid, the chillers run 2-3 hours/ day on diesel generators.
The meetings with both dairy processors have shown, that the companies have clear plans to
extend their chilling capacities: For instance, PRAN intends to increase the number of chilling
points from 100 to 1200 by 2021. They focus on grid-connected sites, but are also ready to consider
off-grid areas; in addition, they are interested in looking at solar chillers to reduce the high fuel costs.
In the meetings with BRAC and PRAN, the consultant especially presented a solar chiller with ice
storage. It was shown that this technology is the most promising one, compared to solar chillers with
battery storages. The consultant had prepared a first rough finance model to show the viability of the
solar chiller ice-storage solution (see Annex 6.3, presentation on solar chiller): the equity IRR and
project IRR, as preliminarily calculated, are 36% and 25% (over 20 years lifetime); the
investment would be paid back after 5 years.
By this way, the interest of the management has generally been raised. In both meetings it was
agreed that the project team will present a finetuned finance model soon. Thanks to very
comprehensive information, which especially PRAN (head of milk procurement) provided to the team
during the meeting, the finance model can easily be finetuned.
To provide a solid basis for decision-taking of the top-management of the dairy processors it turned
out that following information shall be provided:




Finance model, which allows a payback period of 3-4 years
Comparison of energy costs per liter of chilled milk
As the current strategy of the processors is to focus on grid-connected sites, the viability of a
solar chiller in this case shall be analyzed.
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Together with the team (Shadekul), the consultant started to work on the finetuned model. The
preliminary outcome is as follows:

Table 4: LCOE of various energy technologies for milk chilling
SCENARIO

Energy costs/ l milk (in
USCent) (over 20 years)
2 USCent/ l

Solar Chiller
(ice storage)
100% Diesel

4 USCent/ l

Grid – Diesel
(3 hours diesel)

2.8 UScent/ l

The energy costs/ liter of chilled milk are
calculated on basis of total costs (including
investments
costs,
operation
and
maintenance costs, replacement costs,
financing costs) over collected milk during
the period of 20 years.
The table shows that the solar chiller with
ice storage is the most cost-effective
technology, not only compared to a pure
diesel solution but even compared to a
grid-connected chiller which runs on diesel

generator for 3 hours.
The model is based on following inputs. However, the inputs have to be re-confirmed by the dairy
processing companies:
Table 5: Inputs for the financial modelling of the solar chiller
Parameter

Value

Parameter

Investment
costs
solar chiller
Capacity chiller

60,000 USD2

12,000 USD

1000 l

Investment cost chiller
with diesel genset
Diesel genset

Price for buying
milk from farmer
Milk
processing
costs/ l
Price of selling to
wholeseller/ l
Profit/ l

0.475 USD (38 TK)/l

Diesel tariff

Tax rate

25%

0.82 USD (65 TK)/l +
0.05
USD
transportation
1%/ year
(after year 10)
0.12 USD/ kWh (9.8
TK)
5%/ year

Interest rate

6% (IDCOL)

Value

0.113 USD
Escalation diesel price
0.7 USD
Grid power tariff
0.112 USD
Escalation of tariff
Power supply
connected)

(grid

1250 USD

7 hours grid,
3 hours diesel

The solar chiller is still more cost-effective than the grid-diesel option, if the power tariff is less than
assumed in the basic scenario and if the power outages are shorter than 3 hours:

2 These are the costs for a “commercialized”system of ILK; the development costs for adapting the prototype ae not included
(assumed: 30.000 USD in addition).
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Table 6: Sensitivity analysis, LCOE of chiller (in USCent per liter of chilled milk)
Parameter
Reference

Solar Chiller
2

100% Diesel
4

Grid-Diesel
2.8

Hours of load shedding:
1.5 (instead of 3 hours)
0.5 (instead of 3 hours)

2
2

4
4

2.6
2.4

Grid power tariff:
7.66 TK (0.096 USD), instead of 9.8 TK

2

4

2.7

Although it seems promising at a first glance, the finance model has to be finetuned and the
sensitivity analysis have to be extended, e.g. in regards to




Considered time period: 10 years (instead of 20 years)
Costs for diesel and grid power and the annual escalation of prices
Amount of collected milk: always just 1000 l/ day (instead of 2000 l after 5 years).

2.2

Further procedure

A critical milestone will be the presentation to the top-management of dairy processors, e.g. BRAC
dairy and PRAN: With regard to the project’s indicators it would be important that the processor(s)
consider the investment in a solar chiller in the corporate’s budget for 2018. As the budget is
planned in July of each year, the GFA team has to present by latest in June. The presentation has
to give clear and detailed information about technology options (for solar chiller with ice
storage/ thermal storage) and about the viability of these solutions.
Table 7: Solar chiller - next steps, timeline, and responsibility
Activity

Description

Request for detailed quotes





Finalising finance model



Who

April/ first
half of May

Team/
Shadekul

Mid of May

Consultant



Search for technology suppliers
Asking for detailed requests
Clarification of quotes
(understanding higher prices of
suppliers)
Based on the updated
investment costs for the various
options
Comprehensive sensitivity
analysis
Confirmation of critical inputs

End of May

Team



Based on consolidated inputs

End of May

Consultant


Presentation to “technical”
management in BRAC and
PRAN
Final finetuning of finance
model

Time
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Presentation to topmanagement of dairy
processors
Presentation to IDCOL and
its sponsors






Loan agreement IDCOL –
dairy proessor



Procurement of solar chiller




Presentation of technology and
its suppliers
Presentation of finance model
Raising awareness about
market potential for solar chillers
Information about commercial
viability and need for
concessional loans/ grants (if
needed)

June

Team

June/ July

Team

(Procedures
of IDCOL
take 3-6
months)
Jan 2018

Dairy
processor

Specification
Placing the order

Installation and
commissioning

Team
facilitates

Mid 2018

It has to be highlighted that it seems that there are not many suppliers of solar chillers (with ice
storage): Currently, there seems to be only the ILK, the German Institute of Refrigeration and Air
Handling (Dresden/ Germany), which developed a prototype and looks for the demonstration
through a proper pilot project. The Indian company Promethean offers a chiller with a thermal
storage, however currently without solar, to bridge power outages up to 6 hours. Up to now
Promethean sold 350 units, 19 in Bangladesh.
The team will check which solar chillers are available; in this context, they will ask Promethean to
quote for a thermal storage coupled with solar. If the costs will be below the costs for the ILK system,
the team shall come to an understanding, why the costs for the ILK system are higher. For
comparing the costs, it will be important to get quotes with detailed cost breakdown of both systems.
If another supplier can be identified, a third quote shall be requested.
On basis of the updated investment costs, the finance model will be finetuned. Before the
presentation to the top-management, it is advisable to double-check the inputs with the technical
staff/ management of the dairy processors. The finance model has to be structured in a way that the
investment is paid back after 3-4 years and that it is profitable. The finance model has to show
whether and to what extent a subsidy and/ or concessional loan is required to meet the requirements
of the dairy processors in terms of profitability and pay-back period: If there is a need, a dialoge with
IDCOL and its sponsors has to be initiated: According to IDCOL, it will take 3-6 months to mobilize
concessional finance, as solar chillers are not (yet) a defined intervention of IDCOL, so that
sponsors have to agree on.

3

Business model for solar aerator (shrimp
aquaculture)

3.1

Pre-feasibility analysis

Aquaculture is the largest segment within the fishing sector with a share of currently 57%; as it is
growing faster than the total sector, its share increases. 79% of the fish produced in aquaculture
come from ponds. Shrimp and prawn farms only contribute by 0,6% to the fish production in the
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aquaculture segment, but due to its significant role for the country’s exports, the REEEP project
decided to focus on shrimp and prawn farms in a first step: This segment has become the
second largest source for revenues from exports in Bangladesh, after the garment sector.
Though it is a small market segment, Bangladesh is the 10th largest producer of shrimps and prawns
workdwide.
However, in terms of pond productivity Bangladesh is lagging behind other countries. At present,
276,000 ha are being used for production of shrimps and prawns, of which 77% are shrimp farms
(mainly Bagda shrimps). 99,9% of the shrimps are produced by extensive or improved extensive
farmers; semi-intensive farms with a total area of 300 ha contribute only by 0,11% to the total shrimp
production. The highest potential for the increase of shrimp farm productivity is in the
segment of the extensive and semi-extensive farmers: They do not have yet aeration systems,
while the semi-intensive farmers usually have already diesel-run systems. Thus, the impact of a
solar aerator in this segment would be quite limited. It is estimated that the production of shrimps at
improved extensive farms can be enhanced by the factor 6 through an aeration system. In addition,
the cycles of shrimp growth would become shorter, so that even 2 cycles/ year could become
possible, which would enhance again the total annual production.
Thus, the REEEP project considers the introduction of solar aeration systems: Obviously, any
aeration system is not affordable for extensive/ improved extensive farmers, otherwise they would
have purchased diesel-run systems. The current income seems to be too low. Therefore, a business
model has to be found, that allows the farmers to use an aerator and pay for the system through
instalments over a certain time period. A pilot project has to demonstrate the possible production
and income increase and the possibility of instalment payments over a reasonable time period,
which is still attractive enough for any supplier of the aeration system.
With regard to the technology, the project is in contact with a lab, which is working on the solar
solution for aeration.
Based on a study on shrimp and prawn farms, a first meeting with an aquaculturist as well as a
meeting with Sajib, a REEEP team member, the consultant conducted a very first pre-feasibility
analysis of a solar aerator. However, it has to be highlighted, that the input data have still to be
confirmed and consolidated by the REEEP team. Following inputs have been used:
Table 8: Inputs for the financial modelling of the solar aerator
Parameter

Value

Installed capacity of solar
system

11 KW

Remark
In the study of Dr. Schroeder a solar system of 11
KW was assumed for providing oxygen for ½ ha of
shrimp pond, through 6 paddle wheels (2 HP each),
considering an adjustment factor of 20%
This seems too small as the solar yield would be
18,000 kWh/ year, i.e. 4.5 hours/ day only.
Together with an aquaculturist, the required hours of
aearation has to be defined to achieve a significant
production increase.
For the time of no sunshine, it has to be analyzed
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whether a battery system (up to 8 hours autonomy
time?) would be a viable technical option compared
to a diesel genset as standby.
Investment costs for solar 15,000 USD
aerator (turnkey)
Costs for hour of battery 280 USD
capacity

11 KWp solar, without battery,
Including aerator
Reasonable autonomy time of a battery system is
probably 8 hours, if there is no sun on one day

Costs paddle wheels
(6 units)
Diesel genset, 11 KW

Acc. to Schroeder study

2,250 USD
1,250 USD

Maintenance costs diesel 125 USD/ year
generator
Costs for diesel/ l
0.82 USD/l
(including transportation costs)
Size of farm
1 ha
Size of pond

10%/ year of DG investment costs
65 TK
Around 2 ponds

0.5 ha

Production
of
shrimps
400 kg/ ha
(improved extensive farmer,
without aerator)
Production of shrimps/ ha, 2,400 kg/ ha
with aeration system

acc. to Schroeder study

Parameter

Value

Remark

Average
shrimp
price
(which is paid to farmer)

8.1 USD/ kg

High price season (May-August, around 4 months):
11.25 USD/ kg (700-1100 TK depending on size,
around 900 by average)
Middle price season: 7.5 USD/ kg (600 TK/ kg), 6
months

Price for PL, river

0.01 USD/ pc

Low price season (December/ January): 3.75 USD/
kg (300 TK/ kg)
Acc. Schroeder study: stock density 2-10 PL, however
80% mortality >> if 15 PL purchased, then 3 left in
pond
Assumption on basis of meeting with team member;
acc. Schroeder study: stock density of around 30 PL,
less mortality
0.8 TK/ pc, according to sources from team member

Price for PL, hatchery

0.00125 USD/pc

0.1 TK/ pc, according to souces from team member

Required amount of
sqm, without aeration

PL/15 pc/ sm

Required amount of PL/ sm,35 pc/ sm
with aerator

9
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Loan to supplier, share

0.7

Equity of supplier

0.3

Interest rate, loan of IDCOL0.06
to supplier
Interest
rate,
loan
of0.09
supplier to farmer
Tax rate of supplier
0.25
Tax rate of farmer

Concessional rate of IDCOL to supplier

0

On basis of these input data, the viability of a solar aerator has been analysed in following steps:
1) Current income of an improved extensive farmer
2) Cashflow of improved extension farmer in case of a solar aerator (just 11 KW for operating the
aerator 4 hours/ day), without battery), financed through a supplier credit, comprising a
forwarded loan of IDCOL (70% of system costs) blended with a credit of the supplier (30% of
system costs). The cashflow is calculated in consideration of the investment costs, O&M costs,
additional costs for PL as well as the expected additional revenues due to higher shrimp
production.
3) Cashflow of improved extension farmer in case of a solar aerator (22 KW, with battery capacity
of 4 hrs/ day), total aeration time of 8 hours/ day
4) Cashflow of improved extension farmer in case of a solar-diesel-solution (8 hours aeration)
5) Cashflow of improved extension farmer in case of a diesel-run aerator.

10
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The results are presented in table 9:
Table 9: Viability of the various energy technologies for aeration
Parameter
Aeration hours/ day,
Production increase

Solar, without
battery
4 hours/ day,
1000 kg/ year
(1200
kg
instead of 200)

Solar,
with battery
8 hours/ day,
2200 kg/year
(2400 kg instead
of 200 kg)

Investment costs

15,000 USD

38,320 USD

Solar,
with diesel
8 hours/ day,
2200 kg/ year
(2400
kg
instead of 200
kg)
16,250 USD

Diesel

(11 KWp solar,
blower)

(11 KWp solar,
diesel
generator,
blower)
58%

(diesel
generator,
blower)

1.5 years

8 hours/ day,
2200 kg/ year
(2400
kg
instead of 200
kg)
4.000 USD

Project IRR
(after 10 years)

46%

(22 KWp, 44
kWh
battery
hours capacity,
blower)
34%

Payback period

2.5 years

2.5 – 3 years

2 years

Loan
duration,
forwarded
IDCOL
loan
Loan
duration,
supplier’s loan

4 years (@6%)

4 years (@6%)

4 years
years)

3 years (@9%)

4 years (@ 9%)

3 years (@9%)

3 years (@9%)

LCOE/ kg shrimps

4.36

47.22

69.43

119.77

(@6

94%

4 years (@6%)

It has to be highlighted, that the performance indicators have been calculated on basis of an
assumed production increase by factor 6 (1200 kg instead of 200 kg/ 0.5ha) in case of 4 hours
aeration and by factor 12 (2400 kg instead of 200 kg) in case of 8 hours of aeration.
As table 10 shows, the results are strongly sensitive to some input data. In the sensitivity analysis
the effect of various production increases has especially been taken into account:
Table 10: Viability of aeration systems - sensitivity analysis
Parameter
REFERENCE

Solar,
without
battery
IRR: 46%
Payback: 2.5 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3 yrs
(4 hours aeration)

Solar,
with battery
IRR: 34%
Payback: 2.5-3
yrs
Loan IDCOL: 4
yrs
Loan suppl.: 4
yrs
(8 hours
aeration)

Solar,
with diesel
IRR: 58%
Payback: 2 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3
yrs
(8 hours
aeration)

Diesel
IRR: 94%
Payback: 1.5
yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3
yrs
(8 hours
aeration)
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Parameter
Production increase
varies acc. to hours
of aeration
(4 hrs > increase by
factor 3 instead of 6;
8 hrs > increase by
factor 6 instead of 12)

Solar,
without
battery
IRR: 8%
Payback: 8yrs.
Loan IDCOL: 10
y
Loan suppl.: 5 yrs
Still negative
cashflow with
these extended
loan periods;
grants required

Solar,
with battery
IRR: -7%
Payback: 8 yrs
Loan IDCOL:
10 yrs
Loan suppl.: 5
yrs
Still negative
cashflow and
NPV with
these
extended loan
periods;
grants
required
IRR: 11%
Payback: 4.5
yrs
Loan IDCOL: 7
yrs
Loan suppl.:4
yrs
Cashflow not
yet sufficient
to
finance
replacement
of
batteries
after 5 yrs.
IRR: 23%
Payback: 3.5
yrs
Loan IDCOL: 4
yrs
Loan suppl.:4
yrs

Solar,
with diesel
even negative
operational
cashflow every
year (-363
USD? Year at
least)

Production increase,
(4 hrs aeration >
increase by factor 4
instead of 6;
8 hrs > increase by
factor 8 instead of 12)

IRR: 22%
Payback: 4 yrs
Loan IDCOL: 7
yrs
Loan suppl.: 3 yrs

Average price/ kg
shrimps: 6.5 USD/ kg
(instead of 8.1)

IRR: 35%
Payback: 3 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3 yrs

Required PL:
50 PL instead of 35 PL,
to get a stock of 30 PL

IRR: 41%
Payback: 2.5 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3 yrs

IRR: 29%
Payback: 3 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 4
yrs

IRR: 47%
Payback:
2.5
yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3
yrs

Fuel
consumption,
0.6 l / kWh (instead of
0.4l)

IRR: 46%
Payback: 2.5 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3 yrs

IRR: 34%
Payback: 2.5-3
yrs
Loan IDCOL: 4
yrs
Loan suppl.: 4

IRR: 39%
Payback: 3 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3
yrs

IRR: 12%
Payback: 6 yrs
Loan
IDCOL:
10 yrs
Loan suppl.: 5
yrs
Only
with
these
extended loan
periods
a
gative
cashflow can
be avoided!
IRR: 34%
Payback: 3 yrs
Loan IDCOL: 4
yrs
Loan suppl.:3
yrs

Diesel
even negative
operational
cashflow every
year (around
6000 USD/
year)

even negative
operational
cashflow every
year (around
2700
USD/
year

Very
low
operational
cashflow (247
USD/
year);
cashflow
is
negative even
with extended
loan periods 10
and 5 years
IRR: 55%
Payback: 2 yrs
Loan IDCOL: 4
yrs
Loan suppl.: 3
yrs

even negative
operational
cashflow every
year (around
1821
USD/
year
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Assumed that no
of aeration hours
does not matter

yrs

It has to be highlighted that the economics are highly sensitive to the production increase:
If the aeration system would result in a production increase by factor 3 only (instead of 6, as
assumed by the team) in case of 4 hours daily aeration time and by factor 6 in case of 8 hours
aeration (instead of factor 12), both the solar system as well as the solar-battery solution are not
viable, even with extended loan periods. In this case, grants would be required. The other technical
solutions (solar-diesel and pure diesel) are not at all feasible, as even the operational cashflow is
negative every year.
If the production increases by the factor 4 (in case of 4 hours aeration) and 8 (8 hours aeration), all
solar solutions are viable, if the loan periods are extended. However, in case of the solar-battery
system the cashflow is not enough to re-finance the replacement of the batteries after 5 years. Thus,
also here a grant would be required to make the investment sustainable.
Other inputs such as the price for shrimps and the required stocks of PL have of course also an
impact on the commercial viability, but not so much that the loan periods have to be significantly
extended; the project IRR is still reasonable and the payback period is not changing so much.
It can be concluded that the impact monitoring will be very crucial to come to a realistic
business and finance model.

3.2

Further procedure

The most important milestone is the installation and commissioning of the solar aerator system,
which shall be done before the high season of shrimp farming starts, i.e. by latest at the end of
November the system should be on the ground.
In the months before the installation, the system has to be specified according to the wished PL
stock density and the required DO for the PL stock. In addition, the business and finance model
shall be finetuned on basis of consolidated input data, so that a reasonable finance structure
can be defined for the pilot project as well as for the deployment. With regard to the deployment,
the model can be finetuned once real figures from the pilot project about the production and income
increase will be available. For that purpose, a comprehensive monitoring system has to be
introduced and applied, including the specification of parameters which shall be measured on
regular basis and a careful baseline assessment. The monitoring system has to be available before
the operation of the aeration system starts. Another critical factor is the training of the pilot farmer(s).
Table 11: Solar aerator - next steps, timeline, responsibility
Activity

Description

Technical specification for
the solar aerator

-

Specifying wished PL density (also in
consideration of required roduction
increase to fnance the instalments)
From there, concluding required
Dissolved Oxygen

Time
May/
June

Who
Team/ Sajib
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-

Confirming/ consolidating
data

-

Parameter
Baseline assessment

-

Finalising finance model
and business model

-

Concluding required blower size
Concluding required capacity for solar
power generating system and for
required back-up (batteries or diesel),
if needed/ wanted
Clarification of total system costs
Based on required data as specified by
consultant (e.g. PL prices, shrimp
prices, experienced production
increase due to diesel aerator etc.)
Description
at selected improved extensive farms
(without aerator)
Pond size, PL density, current
production over month and year,
current costs for PL and others,
revenues from selling the shrimps,
income of the farmer in consideration
of number of farms etc.
Based on the required solar system
size and on the total system costs
Based on the confirmed/ consolidated
input data
Comprehensive sensitivity analysis
Concluding required concessional
loans/ grants etc.

-

Installing and
commissioning of the
aerator
Monitoring

Who

May/
June

Team/ Sajib,
with an
aquaculturist

End
June/
July

Consultant

Team/
supplier/ lab

Sept/Oct.

-

before high season

by latest
in Nov.

Team/
supplier lab

-

over a whole year (probably on
monthly basis)
assessing and evaluating first results
after 6 months
on basis of finetuned finance model
Presenting the intermediary results
and finetuned finance model to IDCOL
(and other potential loan providers)

over a
year

Team/
aquaculturist

By latest
June
2018

Team/
consultant

-

Mobilizing debt finance for
the deployment

Time

On training of good practices, e.g. in
terms of PLs and feed etc.
The training has to be continued
during the pilot project (in form of
coaching)
Specifying the parameters to be
measured
Defining procedures for measuring
Defining kinds of recording etc.

-

Developing a monitoring
system

Team/Sajib
/ Consultant

July –
Sept.

Getting the solar aerator
ready for the pilot project
Training of the pilot farmer

May/
June

-

Team/
aquaculturist

Team/
aquaculturist/
consultant
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Mobilizing shrimp farmers

-

June/
July 2018

Team

June/
July 2018

Team

Time

Who

Investment proposals (loan
applications) are submitted

Aug/
Sept

Suppliers/
farmers

Handover to IDCOL

October

Team

Mobilizing manufacturing
companies and suppliers/
service providers

Parameter

Informing about system and its impact
Encouraging to invest in the system
(probably payment through
instalments)
- Developing a data base with potential
service providers
- Suppliers such as solar companies with
good outreach to improved extensive
shrimp farmers
- Workshops/ training
- Coaching for first commercial systems
(also to apply for loans from IDCOL or
others to refinance supplier credit)
Description

With regard to the targets of the programme component, it will be important to mobilize debt
finance providers, manufacturers and service providers/ suppliers as well as the endcustomers (farmers), of course. The mobilization requires solid figures about the impact of the
aeration system, especially the enhanced production and income of the farmer: The income increase
of the farmer has to be sufficient to finance the instalments for the aeration system over 2-3 years.
The pilot project has to prove that impact. For having such sold figures, the impact has to be
monitored for a whole year; first results shall be presented after the high season (i.e. after 6
months, around June/ July 2018) to the mentioned stakeholders. The mobilization shall include
the coaching of suppliers/ service providers, which are interested in, to apply for loans from debt
finance institutions (IDCOL or others).

4

Business Models for Solar Roof Top
Systems

4.1

Pre-feasibility analysis

According to a regulation, new buildings with a power load of more than 2 KW have to cover 4% of
their load with power from a renewable energy system, to get the connection to the power grid.
However, the monitoring of the regulation’s implementation is very challenging. Many buildings put
solar panels on the roof just to meet formally the requirement and to get the connection. Most
systems are not operating. One reason can be that the building owners, at the time of the
construction, had no interest in investing in a solar system, as they could not sell and rent out the
space at a higher price, maybe also because the buyers and tenants do not (yet) appreciate power
from renewable energy systems. More than the half of the (new) buildings have still the developers
as owners with a share of around 50% of the space while the other 50% have been sold. Obviously,
incentives have to be given to make the investment and utilization of a solar roof-top system
attractive.
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The potential seems to be huge: For instance, in Dhaka the distributor DESCO has installed 800,000
meters, for around 80,000 buildings. Currently, 8400 roofs have solar panels, however not
necessarily producing power, as mentioned above.
In this context, the current power tariffs have to be considered. Residential consumers pay between
3.33 – 9.98 TK/ kWh, depending on their consumption: Those households which consume more, pay
a higher unit tariff. A discussion with team members has shown that a “typical household”
consumes between 200-300 kWh/ month, so that it pays 5.36 TK3 (6.7 USCent) for a kWh.

3 https://www.dpdc.org.bd/index.php/customer-service/tariff-rates
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Table 12: Inputs for the finance modelling of solar roof-top systems
Parameter

Value

Investment
costs
(turnkey)
Solar irradiation

1000 USD/ kWp

Available
surface

200-220 m2
(55% of 5 Kotha4)
22 KWp
(1sqm = 10 KWp)
39,600 kWh/ year
(220 m2x1600x0.15x0.75)
6.7 USCent (5.36 TK)

roof

Installed capacities
for solar system
Solar yield
Power tariff in grid
(residential,
200300 kWh/ month)
Interest rate for loan

1600 kWh/year/ sqm

The Levelized costs of Energy (LCOE)
of a solar roof-top system are at least
6.9 USCent/ kWh in a very optimistic
calculation, based on turnkey costs of
1000 USD/ KWp and a discount rate of
5%, interest rate of 9%. The payback
period is quite long with 8 years. The
project IRR is also not very attractive, 12%
over 20 years (see annex 6.5).
That shows that the investment in a
roof-top system is not attractive.
Feeding of the solar power into the grid is
not yet possible; all solar roof-top system
projects have been realized for the
purpose of own consumption.

9%

Most projects were realized in the
institutional sector and in the industrial
sector: In the industrial sectcor, solar PV projects are commercially viable because of the higher
tariff; industrial consumers on medium voltage level (11 KV) have to pay a tariff of 9.8 UScent/ kWh.
And in the institutional sector, the projects often had a lighthouse function, e.g. on 4 buildings of the
Bangladesh Power Development Board (BPDB) or on Ministries’ offices.
Especially in the institutional sector, the projects were financed on basis of BOO-contracts, i.e. that a
private company invests in the system and sells the generated power to the single off-taker on the
same premises. For instance, for the BPDB buildings, BPDB had tendered the BOO-contract; the
price at which the institution will purchase the power from the contractor/ ESCO is supposed to be
9.93 TK/ kWh (12.4 UScent), however the PPA has not yet been signed; at the Ministry Office, the
BOO-contractor even gets 11.69 TK/ kWh (14.6 UScent) from the consumer, the system is based on
German technology. These prices show that solar power even at these prices is competitive
compared to LCOE of other energy sources:
Table 13: Costs for power from various energy sources
Energy source

Gas
Heavy
(HFO)
Diesel

Fuel

Share
at
production

Oil

67%
18%

total

power

LCOE/ kWh
(price at which
buys)
2.32 TK
12.15 TK

3%

24.31 TK

Coal

2%

8.93 TK

Hydro

2%

1.11 TK

BPDB

4 1 Kotha are around 81 sqm
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Import

8%

Average

5.15 TK
5.28 TK

From the table it can be concluded that BPDB buys electric power at 5.28 TK/ kWh (6.6 UScent)
(acc. to interview with commercial director: 5.44 TK or 6.8 UScent), resulting from the purchase
prices for power from the different sources and multiplied by the respective share of these energy
sources at the total power production. With regard to the calculated LCOE of solar power (6.9
UScent), solar is definitely competitive to HFO and Diesel, which have together a share of 21% at
the total power production.
The huge advantage of solar energy is that it can be generated in a decentralized way and
immediately consumed at the source, so that no distribution costs are caused: According to BPDB
the distribution costs for grid power include a wheeling charge to be paid to PGCB (0.28 TK/ kWh)
and the operation costs for the distribution infrastructure (0.98 TK/ kWh). That makes together 1.26
TK; if they are added to the costs for buying power from the various power plants/ IPPs (5.44 TK),
the total power supply costs in the Bangladesh grid amount to 6.7 TK. With regard to the
LCOE of solar power of 5.52 TK/ kWh (6.9 UScent), decentralized solar power (for selfconsumption) is competitive to the total grid power, from a national point of view.
Therefore, the government is very interested in promoting solar-roof-top systems. Meetings
with solar companies such as the Bengal Group, which is the contractor of the 2 mentioned BOO
projects (BPDB buildings and Ministry offices), has shown that IDCOL is willing to finance solar rooftop projects at concessional conditions: a loan of 75% (-80%) of the total investment costs, 2 years
grace period, 10 years loan period and an interest rate of 6% are conditions which private solar
companies currently negotiate with IDCOL.
However, it is not yet clear to the government, what the most cost-effective way is to promote solar
roof-top systems. For the time being, solar roof-top systems can only produce power for selfconsumption. The GIZ/ GFA programme component is supposed to provide proper advice.
In this context, several business models have to be considered and it has to be analyzed, under
which conditions the various business models can work, also in consideration of international (mostly
German) practices and lessons learnt. Table 14 gives a first overview about the business models
which shall be considered.
Table 14: Possible business models for solar roof-top systems in the residential sector
Business Model

Description

Remarks

Building

The building owner (can be

Makes only sense if LCOE of the solar

owner-
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model

a single owner or a group
of owners) invests in the
solar roof-top system and
(partly) replaces the power
from the grid

ESCO model

An
energy
service
company (ESCO) invests
in the solar roof-top system
and sells the power to the
consumers in the building
and/ or to the grid

Business Model

Description

Bundling
distribution

A private investor invests in
a bundle of solar roof-top
systems in a selected area
and sells the power to
consumers in this area;

and

system are lower than the power tariffs. That
is currently not the case for most households,
i.e.
investment has to be subsidized and/or
surplus power can be fed into the grid at an
attractive tariff, so that investment is paid
back after around 3 years
ESCOs already invest in solar roof-top
systems,
but
only
in
institutional/
governmental sector where the governmental
institutions buy the power at very attractive
tariffs (14.6 UScent-20 USCent!!).
For the residential sector, this model is only
feasible if the price at which the ESCO sells
the power to the tenants is lower than the grid
power and if this price is attractive enough for
the ESCO to get a reasonable project and
equity IRR (Project IRR 12-20%).Alternatively
or in addition, an attrative feed-in-tariff has to
be found, at which the ESCO may feed the
power into the grid.
Remark
This is the most comprehensive model.
It can only work if the investor either pays a
wheeling charge to the distribution grid
operator. In this case competition has to be
introduced at retail level; currently the
distribution
companies
have
regional
monopolies. Alternatively, the private investor
gets a concession for the distribution grid in
that area.

From macro-economic perspective, it makes sense to primarily incentivize the self-consumption of
solar power from roof-top systems, as it releases/ avoids stress on the grid. Just excess of power
could be then fed-in to capture the whole produced power from the system and to optimize the return
on investment. From a first calculation, it can be concluded that a 22 KW system (220 sqm space)
generates 26444 kWh/ year and, thus, is even not enough to cover the demand of around 3000
kWh/ month (36,000 kWh/ year). However, it has to be checked to what extent there is an excess of
solar power available during off-peak times. That means, that a typical load profil of a residential
building has to be assessed.

4.2

Further procedure

For the analysis of the above mentioned business models, it will be very crucial to calculate carefully
the solar energy costs/ kWh (LCOE), including investment costs, operation and maintenance costs,
financing costs and considering the expected power production from a roof-top system (based on an
available space of 220 sqm). To get reliable input data, an intense dialogue with the private sector is
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required. First meetings with few solar companies have shown that it takes a bit of time to make
them understand the background of the analysis and the possible benefit for them.
On basis of solid input data the commercial viability of the varous business models can be calculated
and analyzed. The analysis has to show, under which conditions (e.g. subsidies, feed-in-tariffs etc.)
the business models can be viable from the investor’s perspective. Of course, it has also to be
analyzed, whether these incentives would be cost-effective from national point of view, in
consideration of the total power supply costs in Bangladesh. The analysis of various business
models shall not only define required financial incentives but also required adjustments of the
regulatory framework. This has to be done in consideration of both international good practices and
lessons learnt (in Germany) and the developments/ dynamics in the Bangladesh regulatory
framework in the power sector.
The following table gives an overview about the next steps.
Table 15: Solar roof-top systems -next steps, timeline, responsibility
Activity
Collecting
data

Description
reliable

input

-

Defining/
confirming
business models

-

Ativity
Technical assessment of
the installed solar roof-top
systems/ solar panels,
which are not functional

-

Analysis of the business
models

-

Presentation of results

-

Specifying required data
Dialogue with private solar companies
and other stakeholders to get reliable
data
Assessing good practices in
Germany/ international lessons learnt
Defining the business models for the
residential sector in Bangladesh
Description

Time
May

Who

Consultant/
team/ Sajib

May/ June

Consultan
t

Time

Who

Roughly defining the TOR
Selecting the technical solar expert/
company
Finetuning the TOR and contracting
the expert/ company
Coordinating the assignment

JuneAugust

Technical
solar
experts/
team/ Sajib

Based on gathered input data and on
the results from technical assessment
In consideration of the German/
internatioinal good practices &
lessons learnt
Including financial modeling from
which needs for financial incentives
(subsidies/ feed-in-tariffs etc.) shall be
concluded
Requirements at regulatory framework
Consultation with stakeholders

July/
August/
beginning
September

Consultant

Mid/ end
September

All

20

Mission Report, Business models for selected Renewable Energy Technologies

5

Conclusions and the Way Forward

In consideration of the time limitation within the 2nd phase of the REEEP, it does not seem very
promising to work on solar cold storages for the horticulture sector. The meetings with the farmers’
groups during the field trip have shown that the seasonality of crops, the patterns of price
fluctuations and finally the demand behaviour of the consumers make a full utilization of the
storage very difficult, which heavily affects the commercial viability. In addition, long storage times,
which are required for benefiting from price fluctuations, will limit the benefits for the farmer, as the
cooling fees have to be paid on daily basis. In total, it is quite challenging to structure a viable pilot
project; it requires comprehensive inputs from agriculturists to come to a proper site selection.
Therefore, the team decided to focus rather on solar chillers for the dairy industry, for the time
being.

The viability of a solar chiller for the dairy farmers seems to be very promising, especially if it has
an ice storage (instead of an expensive battery storage). According to the first financial model,
the solar chiller is competitive not only compared to diesel solution in complete off-grid
areas, but also compared to a grid-diesel solution (in terms of LCOE per liter of chilled milk). This
is the case for NEW sites: Both BRAC and PRAN, as 2 of the leading diary processors, plan to
extend the number of chilling points significantly in the coming years. Currently, the dairy processors
have chilling points only in grid-connected areas, which have to run around 3 hours/ day on diesel
generators. The financial model has to be finetuned to conclude and specify, to what extent
concessional finance is required. For the pilot project, dairy processors are generally open to
invest and require a payback period of 3-4 years.
The challenge is that there is no commercialized solar chiller available: One solar chiller (with
ice storage) has been developed by the German Institute for Refrigeration and Air Handling ILK (and
its partner BS Consult) and is available as prototype, ready for a pilot project; another option is a
thermal storage solution, which is available from the Indian company Promethean and has already
been sold to dairy companies also in Bangladesh but has no solar component yet. It s recommended
that the GFA-team asks both technology suppliers for detailed quotes for a solar chiller with ice
storage.
Based on the quotes and the finetuned financial model, the results shall be presented to the top
management of selected dairy processors; as far as concessional finance is required, IDCOL and its
sponsors shall be mobilized.
With regard to solar aerators in the shrimp farming sector, there seems to be a huge potential, as
the 813,000 extensive and improved extensive shrimp farmers usually do not have any aeration
system. A first financial analysis shows that a solar aerator is an affordable solution for these
shrimp farmers, if they can pay for the system via instalments/ loan redemptions over a
period of 4 years and if the loans are given by IDCOL and the suppliers at concessional rates.
However, the affordability strongly depends on the impact of aeration systems in terms of
shrimp production increase and resulting income increase. The current income (without aerator)
of around 870 USD/ year does not allow the farmer to invest in an aerator. The rough sensitivity
analysis shows, that the viability of a solar aerator is very sensitive to the production enhancement
which can be achieved with an aeration system. That means, that a pilot project has to carefully
monitor the impact and has to make sure, that the shrimp farmer(s) get also trained and
coached on good shrimp farming practices. The size of the aeration system has to be defined in
consideration of the required dissolved oxygen which is needed to increase the productivity
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significantly. With regard to the targets and indicators of the programme’s component, it is important,
that the pilot solar aerator will be brought onto the ground before the high season, i.e. before
December/ January, and that the impact can be measured at least for 6 months. On basis of the
monitored impact, the business and financial model can be finetuned and suppliers/ service
providers can be mobilized.
Solar roof-top systems in the residential sector are obviously not yet viable. This is shown by the
huge number of solar systems/ panels on the roofs of buildings, which often have been installed just
for getting the grid connection but which are not in operation. A rough analysis came to the
conclusion, that a solar power system is not viable due to the relative low power tariffs: According to
own calculations the LCOE of a solar roof-top system are at least 6.9 UScent/ kWh, some
interviewed solar companies gave the figure of 9-10 Scent/ kWh, while the power tariff for a
household with a consumption of 200-300 kWh/ month is only 6.7 USCent/ kWh.
However, the government is strongly interested in promoting solar power in consideration of
the high power supply costs in Bangladesh: 21% of the total produced electricity comes from
HFO and diesel power stations, which sell their power to the BPDB at 12 TK and 24 TK/ kWh (15
USCent and 30 USCent). Solar systems are much more cost-effective generation systems. The
advantage of solar roof-top systems is also that the power can be consumed right at the source,
without any transmission and distribution costs. Therefore, the government is looking for proper
incentive schemes, especially for solar roof-top systems in the residential sector. The potential is
huge: For instance in Dhaka, there are 80.000 buildings, each with around 220 sqm available space;
1,760 MW could be installed by using this space. (Bangladesh has currently 12,780 MW, of which
1028 Diesel and 2684 MW HFO).
In consideration of international lessons learnt and approaches, various business models shall be
defined and analyzed. The analysis shall show, under which conditions the business models can be
viable, including financial incentives (such as subsidies, feed-in tariffs) and adjustments of the
regulatory framework.
The next steps, as they have been discussed with the team and been described for each RET
intervention, are summarized in the following time table.
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Table 16: Timetable of next steps
Activity
Technical specification for the solar
aerator
Confirming/ consolidating data

Baseline assessment

Who

May/ May,
W1+2 W3+4

Jun, Jun, Jul,
Jul,
W1+2 W3+4 W1+2 W3+4 Aug Sep Oct Nov Dec Q1/18 Q2/18 Q3/18
Solar Aerator

Team/
Sajib
Team/
Sajib
(consultan
t)
Sajib/
aquacultur
ist

Finalising finance model and business
consultant
model
Getting the solar aerator ready for the Team/supp
lier/ lab
pilot project
Team/
aquacultur
Training of the pilot farmer
ist
Team/aqua
Developing a monitoring system
culturist
Installing and commissioning of the
Supplier
aerator
Team/aqua
Monitoring
culturist
Team/cons
Mobilizing debt finance for the
ultant
deployment
Mobilizing shrimp farmers
Mobilizing manufacturing companies
and suppliers/ service providers
Investment proposals (loan
applications) are submitted
Handover to IDCOL

Activity
Collecting reliable input data

Team
Team
Suppliers/
farmers
Team

Who
team/
Sajib

Defining/ confirming business models
Technical assessment of the installed
solar roof-top systems/ solar panels,
which are not functional
Analysis of the business models

consultant
technical
solar
experts

Presentation of results

all

Activity

May/ May, Jun, Jun, Jul,
Jul,
W1+2 W3+4 W1+2 W3+4 W1+2 W3+4 Aug Sep Oct Nov Dec Q1/18 Q2/18 Q3/18
Solar Roof-top systems

consultant

Who

Request for detailed quotes

Team/
Shadekul

Finalising finance model

consultant

Presentation to “technical”
management in BRAC and PRAN

Team

Final finetuning of finance model

consultant

Presentation to top-management of
dairy processors

Team

May/ May,
W1+2 W3+4

Jun, Jun, Jul,
Jul,
W1+2 W3+4 W1+2 W3+4 Aug Sep Oct Nov Dec Q1/18 Q2/18 Q3/18
Solar Chiller

Prsentation to IDCOL and its sponsors Team
Team
Loan agreement IDCOL – dairy
facilitates
proessor
Dairy
Procurement of solar chiller
processor
Installation and commissioning
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6

Annex

6.1

List of Meetings

Institution/ Company

Contact Person

Dhaka Electrical Sypply Company
Limited (DESCO)
www.desco.org.bd

Brig General Md
Sarwar
Managing Director

Contact Details

Shahid

mddesco@desco.org.bd
sarwar2063@yahoo.com
+88-02-8900820-23

Engr. Md. Mafizul Islam
Bhuiyan
Superintending Engineer &
Chief Engineer

mbhuiyan@desco.org.bd
+88-02-7913681

Infrastructure
Development
Company Limited (IDCOL)
www.idcol.org

Md Enamul Karim Pavel
Head of Renewable Energy

ekarim@idcol.org
+880-2-9102171-8
+880-966-6743265

KfW Entwicklungsbank
www.kfw.de

Tazmilur Rahman
Business
Area
KfW
Entwicklungsbank
Senior
Program Manager, Energy
KfW
Regional
Office
Bangladesh

Tazmilur.rahman@kfw.de
+88-02-882-27-13

Deutsche
Gesellschaft
fur
Internationale
Zusammenarbeit
(GIZ)
www.giz.de

Jan Sohlemann
Country
Coordinator
Energising
Development
(EnDev)

Janhendrik.soehlemann@giz
de
+880 966 6701 188

Kingdom of the Netherlands
www.bangladesh.nlembassy.org

A.K Osman Haruni
Senior Policy Adviser Food
Security

Osman.haruni@minbuza.n
l
+880 2 9842715 18 Ext.
213

BRAC
www.brac.net

Mohammad Anisur Rahman
Director
Dairy and Food

Rahman.anisur@brac.net
+88 02 9844180 7 Ext.
5551
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Aarong Dairy
www.brac.net

Nour-E-Alom
Manager (Milk Procurement)

Nour.alom@brac.net
+88 02 9844180 7 Ext 5526

A. Q. M. Shafiqur Rouf
Deputy General Manager
BRAC
Artificial
Insemination Enterprise

Rouf.s@brac.net
+88 02 8824180 Ext 5569
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Institution/Company

Contact Person

Contat Details

PRAN Dairy Ltd
www.pranfoods.net

Rajib Ibne Islam
General Manager
Operations

Pran13@prangroup.com
+88 02 9881792 Ext. 314

Dr. Md. Rakibur Rahman
Chief Dairy
Operations

dairy@prangroup.com
+88 02 9881792 Ext. 313

Sahadat Hossain
Deputy Manager
Green Division

Sahadathossain.project@
energypac.com
+880 2 887 0827 8

A.K.M. Kamrul Huda
Assistant General Manager
Sales

Kamrul.huda@energypac.
com
+880 2 887 0827 8

Md. Afzal Hossain
Deputy Managing Director

afzal@solarland.com.bd
+88 02 9136083

Engr. Md. Akhtar
Khan
Chief Engineer

khan@solarland.com
+88 029136082

Energypack Electonics Ltd
www.energypacelectronics.com

Solarland Bangladesh Co., Ltd.
www.solarland.bd

Hamid

Syed Ishtiaque Ahmed
Head of Sales

Syed.ahmed@rahimafrooz
.com
+880 2 8878525 7

Md. Hasan Mahmud Khan
Head of Sales
On-Grid

Hasan.khan@rahimafrooz.
com
+880 2 8878525 7

Bengal Solar
www.bengalsolar.com.bd

Ifty Ahmed
Deputy Manager
Sales & Marketing

iahmad@bengalsolar.com
.bd
+88 02 9888248

Univeristy of Dhaka
www.du.ac.bd

Dr Saiful Huque
Professor of Renewable
Energy

Saifulh.ire@du.ac.bd
+88 02 9677125

Solshare
www.me-solshare.com

Dr Sebastian Groh
Managing Director

Sebastian.groh@mesolshare.com
+880 1793 268329

North-Bendal
Research
Foundation & Development (NRD)
www.nrdbd.org

Md. Mahidul Islam
Chairman

Info@nrdbd.org
+88 01912 161600

Rahimafrooz Renewable Energy
Ltd.
www.rahimafrooz-solar.com
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6.2

Training modules, presentations of the
consultant
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6.3

Presentation on solar chiller (meetings with
BRAC and PRAN)
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6.4

Financial model – solar chiller

Cashflow - dairy processor
year0
Management and
maintenance Costs
Costs for purchasing milk
from farmers
Transportation costs
Revenues (from sales of
additional milk minus
processing costs)
EBITDA
Depreciation & Amortization
EBIT
Loan remaining value
loan redemption
interest expenses
EBT
Tax
0perational Cashflow
Cashflow
Free Cashflow
Equity IRR (after 20 years)
Project IRR (after 20 years)
NPV
Payback period
LCOE/ l milk

year1
60000

48000

-12000
-60,000
111%
41%
$207,089.87
3 years
$0.0180 USD

year2

year3

year4

year5

year6

year7

year8

7,800

7,800

7,800

7,800

7,800

7,800

7,800

7,800

171,000
7,200

171,000
7,200

171,000
7,200

171,000
7,200

171,000
7,200

342,000
14,400

342,000
14,400

342,000
14,400

211320
25,320
3033.333333
22286.66667
$43,150.27
($7,729.73)
2880
19406.66667
4851.666667
20468.33333
$12,738.61
$20,468.33

211320
25320
3033.333333
22286.66667
$38,009.57
($7,729.73)
$2,589.02
$19,697.65
$4,924.41
$20,395.59
$12,665.86
$20,395.59

211320
25320
3033.333333
22286.66667
$32,560.41
($7,729.73)
$2,280.57
$20,006.09
$5,001.52
$20,318.48
$12,588.75
$20,318.48

211320
25320
3033.333333
22286.66667
$26,784.31
($7,729.73)
$1,953.62
$20,333.04
$5,083.26
$20,236.74
$12,507.01
$20,236.74

211320
25320
3033.333333
22286.66667
$20,661.65
($7,729.73)
$1,607.06
$20,679.61
$5,169.90
$20,150.10
$12,420.37
$20,150.10

422640
58440
3033.333333
55406.66667
$14,171.62
($7,729.73)
$1,239.70
$54,166.97
$13,541.74
$44,898.26
$37,168.53
$44,898.26

422640
58440
3033.333333
55406.66667
$7,292.19
($7,729.73)
$850.30
$54,556.37
$13,639.09
$44,800.91
$37,071.18
$44,800.91

422640
58440
3033.333333
55406.66667
($0.00)
($7,729.73)
$437.53
$54,969.14
$13,742.28
$44,697.72
$36,967.99
$44,697.72
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6.5

Financial model – solar aerator (here: option with battery, 8 hours
aeration/ day, basic scenario)

Cashflow - farmer
year0
Management and
maintenance Costs
Replacement costs
Costs, purchase of PL
(projected)
Costs, purchase PL (current)
Additional costs in case of
aeration
Revenues (from sales of
shrimps), projected
Revenues (from sales of
shrimps), current
Additional revenues in case
of aeration
EBITDA
Depreciation & Amortization
EBIT
Loan 1 remaining value
loan 1 redemption (for
forwarded IDCOL loan)
Loan 1 -interest expenses
Loan 2 remaining value
loan 2 redemption
(instalments for the supplier
credit)
Loan 2 -interest expenses
TOTAL loan redemption
TOTAL inerest rates
EBT
Tax
0perational Cashflow
Cashflow
Free Cashflow
Equity IRR (after 20 years)
Project IRR (after 20 years)
NPV
Project IRR (after 10 years)
Payback period
LCOE/ kg shrimps

year1
38,320

year2

year3

year4

year5

year6

year7

year8

year9

0
0

0
0

0
0

0
0

0
12,320

0
0

0
0

0
0

0
0

3,500
750

3,500
750

3,500
750

3,500
750

3,500
750

3,500
750

3,500
750

3,500
750

3,500
750

2,750

2,750

2,750

2,750

2,750

2,750

2,750

2,750

2,750

19,440

19,440

19,440

19,440

19,440

19,440

19,440

19,440

19,440

1620

1620

1620

1620

1620

1620

1620

1620

1620

26824

17,820
15,070
3764
11306
$20,692.26

17,820
15070
3764
11306
$14,192.62

17,820
15070
3764
11306
$7,303.00

17,820
15070
3764
11306
($0.00)

17,820
2750
3764
-1014
($0.00)

17,820
15070
3764
11306
($0.00)

17,820
15070
3764
11306
($0.00)

17,820
15070
3764
11306
($0.00)

17,820
15070
3764
11306
0

11,496

($7,741.18)
1609.44
$8,982.19

($7,741.18)
$1,241.54
$6,242.13

($7,741.18)
$851.56
$3,255.46

($7,741.18)
$438.18
$0.00

$0.00
($0.00)
$0.00

$0.00
($0.00)
$0.00

$0.00
($0.00)
$0.00

$0.00
($0.00)
$0.00

$0.00
($0.00)
0

-38,320

($3,548.45)
1034.64
($11,289.63)
2644.08
8661.92
0
15070
$3,780.37
$15,070.00

($3,548.45)
$808.40
($11,289.63)
$2,049.93
$9,256.07
$0.00
$15,070.00
$3,780.37
$15,070.00

($3,548.45)
$561.79
($11,289.63)
$1,413.35
$9,892.65
$0.00
$15,070.00
$3,780.37
$15,070.00

($3,548.45)
$292.99
($11,289.63)
$731.17
$10,574.83
$0.00
$15,070.00
$3,780.37
$15,070.00

$0.00
$0.00
$0.00
($0.00)
($1,014.00)
$0.00
$2,750.00
$2,750.00
$2,750.00

$0.00
$0.00
$0.00
($0.00)
$11,306.00
$0.00
$15,070.00
$15,070.00
$15,070.00

$0.00
$0.00
$0.00
($0.00)
$11,306.00
$0.00
$15,070.00
$15,070.00
$15,070.00

$0.00
$0.00
$0.00
($0.00)
$11,306.00
$0.00
$15,070.00
$15,070.00
$15,070.00

$0.00
$0.00
$0.00
$0.00
11306
$0.00
15070
15070
15070

36%
$66,181.06
34%
2.5 years
$47.22 USD
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6.6

Financial model – solar roof-top systems (residential sector)

Cashflow
year0
Costs
solar yield
Revenues (savings)
EBITDA
Depreciation & Amortization
EBIT
Loan remaining value
loan redemption
interest expenses
EBT
Tax
0perational Cashflow
Cashflow
Free Cashflow
Equity IRR
Project IRR
LCOE solar system (in USD),
with financing costs,
simplified
LCOE solar system (in USD),
acc. NREL calculator (@5%
discount rate, capacity factor
0.2)

year1
22000

15400

-6600
-22000
13%
12%

0
39600
2653.2
2653.2
1100
1553.2
$14,003.61
($2,782.39)
1386
167.2
0
2653.2
($129.19)
$2,653.20

year2
0
39402
3470.6595
3470.6595
1100
2370.6595
$12,481.55
($2,782.39)
$1,260.33
$1,110.33
$0.00
$3,470.66
$688.27
$3,470.66

year3
0
39204.99
3453.306203
3453.306203
1100
2353.306203
$10,822.51
($2,782.39)
$1,123.34
$1,229.97
$0.00
$3,453.31
$670.92
$3,453.31

year4
0
39008.96505
3436.039671
3436.039671
1100
2336.039671
$9,014.15
($2,782.39)
$974.03
$1,362.01
$340.50
$3,095.54
$313.15
$3,095.54

year5
0
38813.92022
3418.859473
3418.859473
1100
2318.859473
$7,043.04
($2,782.39)
$811.27
$1,507.59
$376.90
$3,041.96
$259.58
$3,041.96

year6
0
38619.85062
3401.765176
3401.765176
1100
2301.765176
$4,894.53
($2,782.39)
$633.87
$1,667.89
$416.97
$2,984.79
$202.41
$2,984.79

year7
0
38426.75137
3384.75635
3384.75635
1100
2284.75635
$2,552.65
($2,782.39)
$440.51
$1,844.25
$461.06
$2,923.69
$141.31
$2,923.69

year8
0
38234.61761
3367.832568
3367.832568
1100
2267.832568
$0.00
($2,782.39)
$229.74
$2,038.09
$509.52
$2,858.31
$75.92
$2,858.31

0.04402349

0.069
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