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The focus on electricity does not reflect Solar mrenac

the actual energy demand of industries W Payback yenewables academy

Low-temp heat
(below 150 °C)
Boiling, pasteurising,

o sterilising, cleaning, drying,
45 % coa ‘ washing, bleaching, steaming,
....................................... . pickling, cooking.

Medium-temp heat
J (150 to 400 °C)

Distilling, nitrate melting, dyeing,
compression.

: 30 Y% Natural gas

High-temp heat
(above 400 °C)
Material transformation
processes.

15 % oi

9 % Renewables
1 °/o Other

Il industry [l Transport |l Residential [l Other

TOTAL FINAL ENERGY CONSUMPTION 2014: 360 EJ (EXAJOULE); IEA IRENA

Source: IRENAC

www.renac.de



Proof of concept is achieved but some = Solar o=
: : . . mrenac
iIngredients seem still lacking w¥ Payback venewables academy

Resources Applications Suppliers

~ Solar Radiation Map Of India
| Giobal HorizotalIradiance - GHI

'k

Suppliers of Turnkey Solar Process Heat Systems

Sources: Suntrace, Solar Payback, AEE INTEC

www.renac.de




The goal is to learn to navigate through % Solar Cﬁ)renac
the SHIP business case scenarios W’ Payback renewables academy

Equipment Availability

Sector and Products

Project Structure
Technology Options

Temperature Ranges System Complexity

Site Conditions _ _ _
Financing Options

Market Incentives

www.renac.de 4
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The Technology in a Nutshell
Drivers, Barriers and Business Models
The Indian Market Prospects

Finding the Low Hanging Fruits

a b W0 D E

Conclusion
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Integrating solar resources (GHI, DIN) Solar Cl%lorenac
into the thermal production process w¥ Payback yenewables academy

storage
unit

Heat
exchanger

= |ndustrial vs. Residential
= Large/medium scale vs. small-seale

Source: RENAC, MNRE

www.renac.de 7



The choice of technology depends on Solar %renac
the processes and temperature levels w¥ Payback yenewables academy

INDUSTRY g LOW MEDIUM HIGH
Below 150 °C 150 to 400 °C > 400 °C

[ ]
Chemical - Boiling * - Distilling

Food and - Drying - Boiling
beverage - Pasteurising - Sterilising

Machinery - Cleaning - Drying

Mining - Copper electrolytic refining
» Mineral drying processes

* Nitrate melting

Textile - Washing - Bleaching - Dyeing

Wood - Steaming - Pickling
» Cooking

- Compression - Drying

150 °C 250 °C

m es & G4

100 *

Large parabolic trough
I linear Fresnel
with evacuated receiver

IEATASK 49 [8]

Enormous Flexibility

Source: RENAC

www.renac.de 8
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SHIP is no rocket science but requires
precise engineering and tailoring

% Solar
w’ Pa back

A\

One ore more points of
consumption?

Central heat supply?

Energy demand on
different temperature
levels?

Different types of
energy (Steam, water,
air, electricity)?

Wide ore narrow
temperature range?

Seasonal operation?
Annual closing period?

Work on Saturday,
Sunday?

Demand during night?

Continuous / volatile
demand

Are there peaks in the
demand profile?

consumption profile for hotel

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Month

Available space for
solar installation

Installation on the roof
or on the ground?

Statics of the roof need
strengthening?

Available space for
storage

Distance between
collector field, storage
and process

What is the economic
references case i.e.
the alternative costs
for every MWh,,?

What are the market
expectations for the
products of the
company (external
complexity)?

How heterogeneous is
the product structure
and how frequently is it
changing (internal
complexity)?

Source: RENAC, Pixabay

www.renac.de




The technical particularities of solar W Solar %renac
heat need to be accounted for w¥ Payback renewables seadarny

Conventional Heat Solar Heat

Flexibility for timing of heat provision. Fluctuating resource, but storage option.
Smaller CAPEX, larger OPEX. Larger CAPEX, small OPEX.

Volatile OPEX (PPP adjusted). Stable OPEX (PPP adjusted).

Solar Photovoltaics (PV) Solar Heat

(Power) quality range limited, standardized Process specific heat requirements, system
product. needs to be tailor-made but 3 x more energy.
(Relatively) flexible to install and sell to other Solar heat project tied to the technical
parties if grid and markets allow. performance of factory and economic
performance of the company (higher offtaker
Source: RENAC risk).

www.renac.de
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2  Drivers, Barriers and Business Models
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Ecologically and economically there is
no way around solar heating technology

=
lrrenac

renewables academy

% Solar
Wy

Pavvhack
I GY LGN

Table 2.2 = Final energy consumption by sector in India in the
New Policies Scenario (Mtoe)

4% Annual energy
demand growth in

Shares 2013-2040
2000 2013 2020 2030 2040 2013 2040 Change CAAGR® | n d u Stry W|th h eat
| Industry 83 185 263 417 572 35%  45% 388 4.3% | .
Transport 32 75 108 176 280  14%  22% 205  5.0% bei ng the Iarg est
. : i ~ share of industrial
Buildings 158 214 242 274 299 41% 23% 85 1.2%
Agriculture 15 24 31 43 51 S% 4% 27 29% energy demand
Non-energy use** 27 29 40 58 72 6% 6% 43 3.4% |
Total 315 527 686 968 1
Industry, incl. Trends in Net Import of Coal, Crude Oil and Petroleum l
transformation*** A5 12 N7 507
250.00 Products in India from 2006-07 to 2015-16
* Compound average annual growth rate. ** Includes petrochem
lubricants and bitumen). *** Includes energy demand from blast 200.00 />
consumption) and petrochemical feedstocks. -
B § 150.00 1 /
£ 100.00
L
c
. 2 5000 -
Import of coal tripled E
0.00 — —-— - — -

and of crude oll
doubled in 10 Years

s CO@l == Crude Oil

Petroleum Products

Source: IEA, Ministry of Statistics

www.renac.de




What are the main drivers and barriers Solar o=
of SHIP projects?

Elimination of fuel costs

Risk reduction associated with rising
or volatile fuel prices

Marketing purposes (environmentally-
aware customers)

Reduction of carbon emissions

Outsourcing of non-core business with
contracting-models

Source: RENAC

www.renac.de

w’ Payback "”wrblendamcy

Low energy prices, subsidies for
conventional energy

High expectation on payback period

Focus on investment instead of life-
cycle cost

Available space for collector field

Limited knowledge about references
costs




There are two main categories for % Solar %renac
project structure and contracting W’ Payback

renewables academy

Service fee Owner: Repayment
[, Energy price
. S — : Difference in energy
Energy services Credit Customer energy cost savings price for the customer

] fommemmmeem e e during the contract

E Payment for §

i equipment Equipment sales i

i i

Planning equipment for the
customer

Start of solar heat
supply
: 1] ”
Classic “On the Balance Sheet
1] S h R H k »
New ared Risks
costs
Contract Period
Energy services Repayment A
L, - Actual [ —
Senvice fee Credit Energy Price Customer energy cost savings l Price difference
EnergyPrice |
P::f.?;ﬁgﬂr Equipment sales sEuSpglcl)ed by
Payment to ESCO

time

Start of solar heat
supply by ESCO

End of service and
transfer ownership
Source: RENAC

www.renac.de
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3 The Indian Market Prospects
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The Indian market provides examples Solar %renac
for different regions and sectors w¥ Payback venewables academy

Collecter area, m=

o
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India has favourable physical and
economic conditions for SHIP projects

= Large market size
(textile/laundry, dairy and
food processing account for
over 600 billion USD
turnover).

= Most thermal applications
need less than 150 °C (e.g.
scouring, dyeing,
pasteurisation, sterilization).

Heat demand

oc B Temperature

Source: RENAC, MNRE STFI

www.renac.de

Solar o=
w’ Payback "”wrblendamcy

= Substantial solar resources both
in terms of Global Horizontal
Irradiance (GHI) and Direct
Normal Irradiance (DNI)

Average annual sum (2005-2010) 0100 2004m

<1250 1400 1550 1700 1850 2000 2150> KWhim?
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Several technical and financial agencies
promote SHIP technologies in India

Solar
Payback

7~y S¥S]

dal y
4
\r IREDA EC g
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dd wda  SUMF :

National Institute of Solar Energy

ARRAK

SOLAR THERMAL FEDERATION OF INDIA

Solar Thermal
Federation of India
(STFI)

Industry
organisation

Members constitute
80% of solar
thermal market

Source: Solar Payback

www.renac.de

National Institute of
Solar Energy
(NISE)

Assists Ministry for
New and
Renewable
Energies (MNRE)
in implementation
of National Solar
Mission (NSM)

Indian Renewable
Energy
Development
Agency (IREDA)

Non-banking
financial institution
for promoting
financing for
renewable energies

CAPEX subsidies
for SHIP projects
(30%)

Solar Energy
Corporation of India
(SECI)

Central public
sector undertaking
under MNRE

Encourage use of
SHIP in domestic
and industrial
sector
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Finding the Low Hanging Fruits
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Example Application: Dairy Centres, % Solar Cﬁ)renac
Comp. Parabolic Concentrators (CPC) w” Payback venewables academy

= The operating temperature for
rinsing tank is about 60-65 °C,
detergent tank 80-85 °C, hot water
tank 80-85 °C and hot air 110 °C

= The operation of system starts
typically at 8.30 am to 1 pm in 15t

Rinsing . .
tank shift and 6.30 pm to 9.30 pm in 2nd
etergent Shift
tank Hot water
tank

Hot air
chamber

www.renac.de




Example Application: Dairy Centres, % Solar Cﬁ)renac
Comp. Parabolic Concentrators (CPC) w” Payback venewables academy

Cold water from
main storage tank at 25 °C

Hot water at 90 °C

Storage tank
with heating coil

Hot water Pump

Can washing

L ——

) &
Gokul visit report : 12-14 E'C'E 2016 ™™

220 mZ2 collector area

= 4.8 million INR CAPEX
= 6 years payback period
= 80-90 °C Temperature
= 581 kWhy oimaf/day

Source: AHK

www.renac.de
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The Economics of SHIP: Lessons
learned from Financial Modelling (1)

Financlal information

Solar

w” Payback

CAPEX
Pt Schrspen o e el |
Location Estimated Thermal storage costs 2400000 7 R
Country India " o
i Sustsmcamplegtiv Simple
City Mumbai Com pIeXIty )
Complexity cost comection foctor 0.8
Estimated solar resource 18 N IMWhAm2.year)]
Totol Investment costs 4,800,000 R
Current heat supply system 0 o
Energysource —— - . pportunity Total specific Investment costs 72,600 jimz2
Cost 5635.0 N R/MWh Costs Macroeconomic parameters along investment lifetime
Thermal conversion efficiency high [B03%) N Investment lifetime 20 N [years]
Current heat production cost 7043.8 RANWH_thermal . General inflation rate 5.0 R [2]
T wMwh_thema Inflation Energy inflationate 5% \ "
Current heat load profile Operational cost parameters along investment lifetime
Daily profile Continuous B P fl A [O&M costs I 0E .I %
nnua cosl CAPEX
Weekly profile 7 days/week B — rofile vs.
Annual profile Continuous N Resources Totol onnuol O&M costs 284000 R
) |
Estimated annual energy consumption 100 N MWHh energy source fiesicual value 0.0 % CAPEX
- Al
Estimated annuwal final energy consumption 80.0 N [MWhth/year] Tax and Incentive related parameters
Solar thermal system definitions Corporate Tax Rate 30% h [%]
Average collector operation temperature 75 N [l Depreciation perind 2 R ears]
- Collector precaton e frearsd
Solar collector type | Evacuated Tube lv] G ———— Extraordinary depreciati 0% L] 5
raordinary depreciation
Specific thermal storage valume 50 B [Ifm2 collectar] and Storage -
- Avoided emmissions revenues [i] R/[Ton CO2exq)
Specific solar collector yield 0.968 [whth/m2.pear)] -
Solar field areadefinition Non-refundable investment subsidy 1] % CAPEX
) . |
Dimensioning criteria Salar collectar aperture area [m2] Nan-refundable operative subsidies 0 % Revenues
Value 220 [m2] Discount rate
Collector aperture area 66.1 N [m2] F|nanc|ng Client debt rate 12.00% h [3]
DETAILED 5YSTEM SIMULATION RESULTS (OPTIONAL) options Debt tenar 10 h [years]
b . .
Simulated annual sol. d [WwWhth fyear] Debt Service Coverage Ratio 150 b |
User inputs [with default values) Debt ratio {Sources of funds) Bl s %]
Calculoted values Debt ratio ghven as fraction of investment (OPTIONAL) b %)
Equity (Hurdle) rate 14.70% 0 %]
Jointl technical and — - ———
oIntly assess tecnnical an e e : .

economic parameters

Source: RENAC

CONCRETE COSTS (OPTIONAL)

Concrete Investment costs (from quotation)




The Economics of SHIP: Lessons % Solar 5

: : . g nmrenac
learned from Financial Modelling (2) w¥ Payback renewables academy

Baseline / investment cost comparison
30000 100

Y

25000 /

4

20000 '/

15000 -

[Thousands]

10000

5000

LT

L~

0 L=

123 456 7 8 91011121314151617 18

Accumulated heat costs [Thousands]

Year

——Accumulated heat costs: current ——Accumulated heat costs: with solar

Total Investment costs 4,800,000 R Project IRR 13.0% (%]

Annual O&M costs 38,400 R/year Equity IRR (given Input: 14.7%) 14.7% (%]

nvestment lifetime 20 years] BIMPLE PAYBACK 7 [years]

Effective Cost of Capital (CoC) 13.8% %] CURRENT LCOH 12,690 R/MWh_thermal
General inflation rate 5.0% %] POLAR LCOH 13,352 R/MWh_thermal
Energy inflation rate 8.0% %] OPTION Value of fixing the price of heat 830,000 R

Source: RENAC

www.renac.de




Use a step-wise structured de-risking Solar Cl%lorenac
approach to identify your business case W Payback yenewables academy

Technical
Parameters

lterative Project
Fatal Flaw b Pre-Feasibility il Feasibility Refinement Implementation

Assessment >ldentify Study '
- Check for demand profile - Techno- Economic

Knock-Out and establish Economic Parameters
Criteria Business Case Optimization

Investment Costs

—

Source: RENAC

www.renac.de




Aim for simple structures, technologies Solar o=

and processes w¥ Payback ""wrb.en?ng
-1
REDUCE
COMPLEXITY!

= Suitable solar resources (DNI, GHI)

= Low and medium temperature ranges and low pressures
= Large reference LCOH (opportunity costs)

= Remote locations

=  Simple production processes

= Offtaker with stable business prospects

= Regular demand profile matching resources

= In house financing + external expertise

= Access to subsidies and support schemes

www.renac.de




SZ=
i renac

renewables academy

i Solar

Teaa W

5 Conclusion

www.renac.de 26



& 2 . i renac

renewables academy

Conclusions

= Heating accounts for the largest share of energy demand from the industry
both globally and in India.

= Solar heating technologies can supply heat for many industrial processes
and temperature levels (high flexibility).

= Solar heating technologies need more detailed engineering than
alternatives fuels both conventional and renewable.

= Bankable and market mature applications should focus on reducing
complexity both in terms of technology and project (financing) structure.

= QOpportunity costs are one of the most important factors when deciding on a
SHIP project.

www.renac.de
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In cooperation with:

% Solar
WY Payback

Carl-Maria Bohny

Suntrace GmbH — www.suntrace.de
carl.bohny@suntrace.de — Tel: +49 40 767 9638-216
on behalf of:

Renewables Academy (RENAC)

Schonhauser Allee 10-11

D-10119 Berlin

Tel: +49 30 52 689 58-71 [W]zi[E]
Fax: +49 30 52 689 58-99 :

inffo@renac.de [=] www.renac.de




