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Useful links:

1) Energy Modelling Community (EMC) Discourse Forum - please use this for any
CLEWSs-related discussions, especially troubleshooting queries!

2) EMC LinkedIn.

3) CCG YouTube.

4) Hands-on Solutions can be found here.

Pre-requisites:
1) Successful completion of all the activities under Hands-on Lecture 7.
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Learning outcomes

In this exercise, you will learn how to represent the water system in a CLEWs model. You will do
the following:
1) Learn how to represent water flows and resources in 0SeMOSYS.

2) Reflect on the components of a water balance and learn how to represent the water
balance in land technologies, using 0SeMOSYS parameters.
3) Represent exogenous and endogenous water demands.

The following provides some key context around the variables that make up the water balance
in your model:

Precipitation

The first component in the water balance is precipitation. Precipitation is any product of the condensation
of atmospheric water vapour that falls under gravity from clouds. Common forms of precipitation include
rain, snow and hail. The figure here presents the long-term monthly mean precipitation worldwide in mm
per month. We can notice in a graphical form how the monthly precipitation varies, the darker colour
indicating more rain and vice-versa. Many countries experience a single wet and dry season per year, but
in some countries, two wet and dry seasons per year may occur signalling a bimodal precipitation pattern.
According to the latest weather information, the wettest place on earth is a small town called Masynram
in India with a monthly precipitation of approximately 12000 mm. The driest place is in the Atacama desert
in Chile.

Evapotranspiration

The second component is called Evapotranspiration. It combines two processes: land surface evaporation
and plant surface transpiration. Evaporation is the process whereby liquid water is converted to water
vapour, also called vaporization, and removed from a surface, also called vapour removal. Water
evaporates from a variety of surfaces, such as lakes, rivers, pavements, soils, and wet vegetation.
Transpiration consists of vaporising liquid water in plant tissues and removing vapour from the
atmosphere. Crops predominately lose their water through their stomata. These are small openings on
the plant leaf through which gases and water vapour pass. Evapotranspiration is a function of many
meteorological factors. Solar radiation and air temperature assist in the process of absorbing energy from
the evaporating surfaces. Air humidity regulates the amount of moisture that the air can hold.

Humidity and Temperature are also related. The higher the air temperature, the greater the moisture
capacity in the air, which eventually results in higher evapotranspiration. Wind speed increases the rate
of transpiration from leaf surfaces.
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(Surface water) Runoff

Runoff is that portion of the precipitation that makes its way downstream in a catchment or watershed in
the form of stream channels, lakes, or oceans as surface flow. It has different components ranging from
surface and sub-surface runoff to base flow, which is underground. A set of meteorological factors
governs the quantity of the runoff. The first is the type of precipitation in the form of rain, snow, sleet,
etc. Rain falling on the earth's surface gets transformed into surface runoff based on the slope and the
saturation level of soil moisture in the region. Snow falling on the ground will either remain as snow or
melt and transform into the water to flow downstream. The intensity of precipitation affects runoff. The
quantity and duration of a precipitation event could have disastrous effects like flash floods. The
distribution of rainfall varies across a watershed and thereby affects the runoff. In a large watershed, there
is a high chance that precipitation in the form of snow is more prevalent at high altitudes and as rainfall
in low-lying areas.

Groundwater recharge

Groundwater is the water present beneath the earth's surface insoil pore spacesand
the fractures of rock formations. Just below the surface, there is an unsaturated zone in the soil through
which the water seeps. The water table starts at the point where the unsaturated zone ends. There are
two types of aquifers underground. Unconfined aquifers are those that are not confined by any
impermeable rocky layer. The confined aquifers are those separated from the other layers by hard
impermeable rocks, also called aquitards. The unconfined aquifers are also easily accessible, and our
modern water pumps usually tap water from this layer. The confined aquifers usually require deep and
artesian wells to access the water within. It is also interesting to note that about 30% of global freshwater
is in the form of groundwater. And 40% of all the irrigation in the world is from groundwater sources.

How does the water balance work in the model?

Sugar

|

/ cultivated area
Land resource
——————

/ cultivated area Evapotranspiration (ET)

|

/ cultivated area

Precipitation (p) Runoff (R)
————————

|

[ cultivated area / cultivated area

Sugarcane Groundwater recharge (GWR)
plantation

|

/ cultivated area

P=ET+R+GWR

The figure above illustrates the representation of the model after adding elements of climate, water and
land. Here, the example of a rainfed sugarcane plantation is provided. All four components discussed
previously are represented. The respective ratios will be calculated for each of the inputs and outputs,
specific to the crop and the region and implemented inside the model. For the irrigated option, there
will be an extra input of artificially supplied water, which will include its energy requirements for
pumping. It is important to bear in mind that the water balance exists for all land cover types. It is not
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specific to agricultural land. In the model, groundwater recharge rates are usually kept constant,
assuming that certain geology will have only a constant recharge rate. This assumption is used to
simplify the representation of groundwater recharge in the example model. In country scale models,
measured values can be used to accurately represent the actual recharge rate.
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Activity 1 - Adding precipitation as
a water source

1. Inthe section “Model configuration”, select the tab “Commodities” to add the
commodity: WTRPRC, precipitation, 10°m3 (or BCM — Billion Cubic Metres).

Input activity
ratios

Maize Rainfed
(LNDMAIRNF)
Rice

(CRPRIC)

® Rice

Rice Rainfed
(LNDRICRNF)

Maize Irrigated
(LNDMAIIRR)

Land resource LND
(RSCLND)

Rice
(CRPRIC)

Rice Irrigated
(LNDRICIRR)

Forest
(LNDFOR)

Built-up Land
(LNDBLT)

. Bullt-up land
technology commodify (LBLT)

Frecipitation
Precipitation (WTRPRC)
resource
(RSCPRC)

Water Bodles
(LNDWAT)

and for water (LWAT)

2. Select “Update model” to save your edits.

3. Inthe tab “Technologies,” add the technology “RSCPRC” representing the annual
precipitation (water resource). Add WTRPRC as an output. Update your model.

4. On the Technologies tab, add the commodity “WTRPRC” as an input to all land cover
technologies (except RSCLND). “Update model” to save your edits.

5. The parameter “Total Technology Annual Activity Upper Limit” expresses the maximum
precipitation available yearly.

The historic average annual precipitation is 1,200 mm, which, multiplied by the
country’s area (300 x 103km?), indicates a maximum water volume from precipitation is
360 * 10°m3. Since 10°m3is the unit considered for water volume, the value 360 is
introduced in the “Total Technology Annual Activity Upper Limit” parameter.
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6. Update the “Operational Life” of the technology “RSCPRC” to 100.

7. Add the “Output Activity Ratio” for the precipitation resource technology (RSCPRC),
and commodity “WTRPRC”, with value 1. “Save data” after your edits.

8. Add the “Input Activity Ratio” for the commodity precipitation (WTRPRC) to all the land
cover technologies. The input is 1.2 x 10°m?3/unit of land area. “Save data” after your
edits.

The reason for the same number (per unit of area) being added to all the land
technologies is that, for simplicity, we are assuming that precipitation is the same
everywhere in our case. This could be different in a real application, if you had more
spatially disaggregated data and had a model divided into different regions.

1073m 3 o 10°m2 o 3 5
1200 mm X X 10°km* x >— = 1.200 X 10°m” (or 1.2 km>)
km
Input Activity Ratio reqion v J . SELECTED MODEL

P ty CLEWs exercise
Input Activity Ratio v | |o2 2) Savedata || o0 € | oo0? B -
Scenario Technology Y Commodily@MoO Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
SC.0 ‘LNDMA\RNF WTRPRC 1 10°m. 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1.20¢
SC_0 LNDRICRNF WTRPRC 1 10°m 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1.200 1200 1.200 1.20C
SC_0 LNDMAIIRR WTRPRC 1 10°m. 1200 1200 1200 1200 1200 1.200 1200 1200 1200 1200 1200 1200 1200 1.20¢
SC_0 LNDRICIRR WTRPRC 1 10°m. 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1.20C
SC.0 LNDFOR WTRPRC 1 10°m. 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1.20C
SC_0 LNDBLT WTRPRC 1 10°m.. 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1.20(
SC_0 LNDWAT WTRPRC 1 109m. 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1.20C
1 »

Go to page: 1 Showrows: 20 « 170of7 « »

Note: a filter was applied to the column “Commodity” to display the technologies with the commodity “WTRPRC” as an
input.

9. You do not need to run the model yet - but you could check out the model diagram
(dynamic) to see what has changed in your RCLEWs...

Page | 6
CCG 2025



Climate
Compatible

Growth

Activity 2 — Representing the water
balance in land technologies

Evapotranspiration
(WTREVT)
Precipitation
(WTRPRC) Groundwater recharge I n
Maize Rainfed (WIRGWT) > 008X 10°m®
(LNDMAIRNF) /102 km?
1.2x10° m3 Runf-off o 3
’ (WTRRUN) 0.72x10°m
110° km? = 3 km2
10° km
The sum of the water balance outputs must be
equal to the precipitation (for the technologies that -

do not have additional water input, e.g., irrigation).

1. Create the additional commodities that represent the water balance (WTREVT,
WTRGWR, WTRRUN) in the “Configure model” view and the tab “Commodities”.
Consider the following descriptions and units:

e WTREVT, Evapotranspiration, 10° m?
e WTRGWT, Groundwater recharge, 10° m3
e WTRRUN, Run-off, 10° m3

2. Still in “Model Configuration”, go to the “Technologies” tab, and add the outputs of
WTREVT, WTRGWT, and WTRRUN to all the land cover technologies (excluding RSCLND).
“Update model” to save your edits.

3. Open the “CLEWs OU Data File” in Excel, and in the sheet “4.2. Land”, go to the land
cover technologies, and find the water balance elements that are outputs of all land
technologies (WTREVT, WTRGWT and WTRRUN). Every land technology, that has
WTRPRC has an input, will have WTREVT, WTRGWT and WTRUN as outputs. Copy and
paste directly from the Excel sheet, to reduce risk of error!
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4. Add the data for each technology in the “Output Activity Ratio” using the “Data Entry”
in MUIO. “Save data” after the edits.

Output Activity Ratio reo technology, commodity, mode of op CLEWs exercise

Output Activity Ratio v |o2 ) Save data o0 € 0000 > @D -
Scenario Technology Y Commodi(’(;\’oo Unit 2020 201 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 203
SC.0 LNDMAIRNF ‘ WTREVT 1 10°m. 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 04
SC_0 LNDMAIRNF WTRGWT 1 10°m 0080 0080 0080 0080 0080 0080 0080 0080 0080 0080 008 0080 0080 00
SC_0 LNDMAIRNF WTRRUN 1 10°m 0720 0720 0720 0720 0720 0720 0720 0720 0720 0720 0720 0720 0720 07
SC_0 LNDRICRNF WTREVT 1 10°m 0600 0600 0600 0600 0600 0600 0600 0600 0600 0600 0600 0600 0600 06
SC_0 LNDRICRNF WTRGWT 1 10°m 0060 0060 0060 0060 0060 0060 0060 0060 0060 0060 0060 0060 0060 00
SC 0 LNDRICRNF WTRRUN 1 10°m 0.540 0.540 0.540 0.540 0540 0540 0540 0540 0540 0.540 0540 0540 0540 05
SC_0 LNDMAIIRR WTREVT 1 10°m 0.500 0500 0500 0.500 0.500 0500 0500 0.500 0.500 0.500 0.500 0.500 0.500 05
SC_0 LNDMAIIRR WTRGWT 1 10°m 0.100 0.100 0.100 0.100 0.100 0100 0100 0.100 0.100 0.100 0.100 0.100 0.100 01
SC_0 LNDMAIIRR WTRRUN 1 10°m 0.900 0.900 0900 0.900 0900 0900 0900 09500 0.900 0.900 0.900 0.900 0.900 09
SC_0 LNDRICIRR WTREVT 1 10°m 0.750 0.750 0750 0.750 0750 0750 0750 0750 0.750 0.750 0750 0.750 0.750 07
SC_0 LNDRICIRR WTRGWT 1 10°m 0.090 0.090 009 0.09 0090 0050 0050 009 0090 0.090 009 0.09 0.090

SC_0 LNDRICIRR WTRRUN 1 10°n 0810 0810 0810 0810 0810 0810 0810 0810 0810 0810 0810 0810 0810 08
SC_0 LNDFOR WTREVT 1 10°m 0850 03850 0850 0850 0850 0850 0850 0850 0850 0850 0850 0850 0850 08
SC_0 LNDFOR WTRGWT 1 10°m 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 0030 00
SC_0 LNDFOR WTRRUN 1 10°m 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 03
SC_0 LNDBLT WTREVT 1 10°m 0750 0750 0750 0750 0750 075 0750 0750 0750 0750 0750 0750 0750 07
SC_0 LNDBLT WTRGWT 1 10°m 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 0040 00
SC_0 LNDBLT WTRRUN 1 10°m 0.410 0.410 0.410 0.410 0.410 0.410 0.410 0.410 0.410 0.410 0410 0.410 0.410 04
SC WTREVT 1 10°m. 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 0400 0.4

Note: a filter was applied to the column “Commodity” to display the technologies
with the output commodities with name starting with “WTR”".

5. Now RUN your model! For the results, the variables below will be explored:

e Use by Technology By Mode: This shows the use of input commodities to a technology by
mode of operation. Adjust the fields and filters to visualize the precipitation input per land
cover type.

a) Change the graph from default (Accumulated New Capacity) to ‘Use by Technology
by Mode’.

b) Filter case (right click and go to field settings) to only the case run for HO8_A2.

c) Add Technology Description and untick Tech from Columns (or leave as tech if you
want the naming conventions on your graph).

d) Add Commodity to Filters and filter out for only WTRPRC.
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e) You should now see a result for how much water (precipitation) is being used by
each land type. Create a view and give it a nice title, then you can save that view and
download the graph if you wish!

e Production By Technology By Mode: This shows the number of outputs produced by
a technology. In this exercise, it will be manipulated to visualize water balance
outputs.

a) Add commodity to columns and untick tech.

b) Filter for commodities and select ‘WTREVT’, “‘WTRGWT’ and “WTRRUN’.

c) You should now see a result for how much water is produced and by which
commodity. Create a view and give it a nice title, then you can save that view and
download the graph if you wish!

Activity 3 - Adding exogenous and
endogenous water demands

Precipitation
Precipitation (WTRPRC)

resource
(RSCPRC)

Run-off Run-off

(WTRRUN) (WTRRUN) Upstream surface Public surface water Public water
water demand demand
(UPSWTRSUR) Surface water (DEMPUBSURWAT) {PUBWAT)

(WTRSUR)
Public groundwater
demand
(DEMPUBGWTWAT)

In the first part of this activity, you will add:

1) 2 commodities: WTRSUR and PUBWAT
2) 3 technologies: UPSWTRSUR, DEMPUBSURWAT, DEMPUBGWTWAT
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1. Inthe section “Model configuration”, select the tab “Commodities” to add the
commodities:
e WTRSUR, Surface water, 10° m3
e PUBWAT, Public water, 10° m3
o Select “Update model” to save your edits.

2. Inthe tab “Technologies”, add the technologies “UPSWTRSUR”, “DEMPUBSURWAT” and
“DEMPUBGWTWAT considering the information below. Select “Update model” to save

your edits.

Technology Description Unit Unit Input Activity Output Activity
Capacity Activity Ratio Ratio
UPSWTRSUR Upstream surface water 10° m3 10° m? WTRRUN WTRSUR
DEMPUBSURWAT Public surface water demand 10° m? 10° m? WTRSUR PUBWAT
DEMPUBGWTWAT | Public groundwater demand 109 m3 109 m3 - PUBWAT
Model
Update model = E3 Configure new model
€ Model data ™ Time sets @ Commodities [EIJ ¢ Emissions {¥. Technology groups £3 Technologies E’ Storage
*: Constraints ~” Scenarios
Commodity name Description Unit < Add commodit
LBLT Buiit-up land 10%m? © Delste
LWAT Land for water bodies 10%kan © Delete
WTRPRC Precipitation 10 © Delete
WTREVT Evapotranspiration 10 @ Delete
WTRGWT Groundwater recharge 10%m? © Delete
WTRRUN Run-off 10%m? @ Delete
WTRSUR Surface water 10°m? © Delete
PUBWAT Public water 10°m @ Delete
Go to page: 2 Showrows: 10 + 11-180f18 « »

CCG 2025

Page | 10



Climate
Compatible

Growth

Model

Update model Configure new mode!

€ Modeldata [ Timesets & Commodities @ Emissions

«§ Constraints ~” Scenarios

Tech Descrioti PR

Unit of ca...

£ Technology groups

£ Technologies [E£)

= storage

SELECTED MODEL
CLEWSs_exercise

Unit of ac... Input Activity R... OutputActivity ... Input To New C... Input To Total C... Emission Activi... < Add technol
UPSWTRSUR Upstream surfac 10°m* 10%m? WTRRUN WTRSUR © Delete
DEMPUBSURWAT Public surface w. 10°m? 10°m? WTRSUR PUBWAT © Delete
DEMPUBGW Public groundwa. 10°m? 10°m? PUBWAT © Delete

Go to page: 3 Showrows: 10

v 21.230f23 « »

3. Add the respective Input and Output Activity Ratios, searching for the parameter in

“Data entry”. Save your edits.

Precipitation
Precipitation (WTRPRC)
Ao Evapotranspirstion
1
| | Groundwater recharge
Irrigated cropland == Il R0 TR
———e
Othorland ~ Wmu N
IAR: WTRSUR,1  CAR: PUBWAT, 0.80
Run-off Run-off
(WTRRUN) “ Upstream surfac: OAR: WTRSUR, 1 Public surface water, Public water
water demand demand
IAR: WTRRUN, 1 ST (DEMPUBSURWAT)
Public groundwater
demand
AR: PUBWAT, 0.80
\d
Considers 20% losses
= A 5 P SELECTED MODEL
Input Activity Ratio Region, year, technoiogy, commodity, mode of operatior CLEWs_exercise
Input Activity Ratio v |o* [ Save data o € | ocomd @A -
Scenario Technology ¥ Commodity ¥ MoO Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
s UPSWTRSUR  WTRRUN 1 10%n. 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1.00C
sC 0 DEMPUBSURWAT WTRSUR 1 10°m.. 1000 1000 1000 1000 1000 1000 1.000 1000 1000 1000 1000 1000 1000  1.00¢
4 »
Go to page: 2 Showrows: 20 ~ 21.220f22 4«  »
Vi i T S —— SELECTED MODEL:
OU'lpUt ACT]V\ty Ratio commidity, mode of operabior CLEWSs_exercise
Output Activity Ratio v~ [ [ Savedata | o0 € | a0 @ -
Scenario Technology Y Commedity ¥ MoO Unit 2020 201 2022 2023 2024 2025 2026 2021 2028 2029 2030 2031 2032 2033
sC 0 UPSWTRSUR  WTRSUR 1 10°m.. 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1.00C
) DEMPUBSURWAT PUBWAT 1 10°n_ 0800 0800 0800 0800 0800 0800 0800 0800 0800 0800 0800 0800 0800 0.80(
sC_0 DEMPUBGWTW. . PUBWAT 1 10°m 0300 0800 0.800 0800 0800 0800 0300 0300 0800 0800 0300 0300 0800 0.80(
« »
Go to page: 3 Showrows: 20 ~ 41430f43 « ¥
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4. Add the respective techno-economic data, according to the information in the table
below, and search for the parameters in “Data entry”. Save your edits.
5. For the parameter “Residual Capacity”, go to the CLEWs data Excel file, and in sheet

“4.4.Water”, search for the technologies added in this exercise and retrieve the
Residual Capacity values, uploading them to the model. Save your edits.

Parameter Units UPSWTRSUR DEMPUBSURWAT | DEMPUBGWTWAT
Capital Cost MUSD / 10° m? 0.0001* 395 332
Fixed Cost MUSD / 10° m? 0.0001* 4 17
Variable Cost MUSD / 10° m3 0.0001%* 0.0001* 0.0001*
Operational Life Years 100 20 20
Residual Capacity See CLEWs data Excel file, sheet “4.4. Water”, searching for the corresponding technologies.

* Default value

Public water demand assumptions: Public water consumption profile:

Indoor and outdoor average diurnal water

- Public water consumption in 2020: ol
consumption pattern {L/p/h)

- 175 litres per day in urban areas
- 92litres per day in rural areas

200
150

100
Public water demand trends (2021-2035): 50 ‘//\/\
- Increases with GDP/capita in urban 00 = i o o
12345678 9101112131415161718192021222324
areas
- Inrural areas, increases linearly until
: : Timeslice| hours in day hours/ | days/| Consumption | Consumption | Specified
75% of urban consumption rate in 2035 i S il i | B i
(PUBWAT)
Industrial and commercial water consumption am (inc) - 11
N D pm (inc) 1 184 145.4 26790.4 0.443
correspond to 10% and 3% of public water = rEP——— Ty 201 Erny o061
demand, respectively D am -9 pm 14 18 134 24616.] 0.407
N [10 pm -7 am 10 187 29.79 5375.7 0.089
3314 60480.4 1.000|

Specified Demand Profile = 26,790.4 / 60,480.5 = 0.443
6. Add the “Specified Demand Profile” for the commodity “PUBWAT” considering the
values in the previous slide. Navigate to “Data entry” to find the parameter. Save your
edits.

SELECTED MODE

Specified Demand Profile

CLEWS exercise
Specified Demand Profile v || | Y] Save data oo € 2000 P F) —
Scenario Commodity ¥ Timeslice Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
SC 0 PUBWAT sD %100 0443 0443 0443 0443 0443 0443 0443 0443 0443 0443 0443 0443 0443 0443 04
SC 0 PUBWAT SN %100 0061 0061 0061 0061 0061 0061 0061 0061 0061 0061 0061 0061 0061 0061 0.0(
SC 0 PUBWAT WD 81100 0.407 0407  0.407 ).407 0407 0407 0407 0407 0407 0407 0407 0407 0407 0407 4
SC_0 PUBWAT WN %100  0.089 089 0089 0.089 0089 0089 0089 0089 0089 0089 0089 0089 0089

Gotopage: 1 Showrows: 20 - 140fd 4« »

Note: A filter was applied in the column “Commaodity” to show only “PUBWAT".
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7. For the parameter “Specified Annual Demand”, go to the CLEWs data Excel file and in
sheet “Assumptions”, and in line #226 (Exogenous demands), find the demand for
PUBWAT. Copy those values and insert them in the model in “Specified Annual
Demand” for the commodity “PUBWAT”.

: SELECTED MODEL
Specified Annual Demand region, year ca CLEW. oxercise
Specified Annual Demand v |~ =) Save data 00 € 0000 ¥ -
Scenario Commodity Y Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
SC_0 PUBWAT 10%m3yr 0991 1061 1135 1211 1290 1373 1459 1548 1642 1739 1841 1947 2057 2172 2292 24
4 »
Go to page: 1 Showrows: 20 « 110of1 « »

Note: A filter was applied in the column “Commodity” to show only “PUBWAT".

Gas power plant
(PWRGAS)

Precipitation Water

Precpeior TR i g
—— W
Surface water Coal power plant
Agriculture (WTRSUR) (PWRCOA)

Coal (COA)

water
Agriculture surface
water demang  Bhlaiiiiiall]

(DEMAGRSURWAT) Run-off Hydro energy
RRUN] P (HyD) Hydropower plant
Agriculture ﬁcrum" (RSCHYD) (PWRHYD}
Surface water
groundwater [ANGRWA (WTRSUR)
demand I~
(DEMAGRGWTWAT) Run-ofr
(WTRRUN) upsma.ml:umci Publ \c:urr.c; water| Public water
water man demand
(UPSWTRSUR) 3‘"’"‘;2:?"" (DEMPUBSURWAT) (PUBWAT)

NOTE: You could run the model now if you want, but you do not need to.
In the second part of this activity, you will add:

e 2 new commodities: AGRWAT, PWRWAT
e 3 new technologies: DEMAGRSURWAT, DEMAGRGWTWAT, DEMPWRSURWAT

Then you must establish technology and commodity links and update existing entries
(RSCHYD, WTRSUR; AGRWAT to irrigated technologies; PWRWAT to thermal power plants)

8. In the section “Define model configuration”, select the tab “Commodities” to add the
commodities:

e AGRWAT, “Water for agriculture”, 10° m3
e PWRWAT, “Water for the power sector”, 10° m3
e Select “Update model” to save your edits.
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9. Inthe tab “Technologies”, add the technologies “DEMAGRSURWAT”,
“DEMAGRGWTWAT”, and “DEMPWRSURWAT considering the described below. Select
“Update model” to save your edits.

Technology Description Unit Unit Input Activity Ratio | Output Activity
Capacity Activity Ratio
DEMAGRSURWAT Surface water used in agriculture 10° m? 10° m? WTRSUR AGRWAT
DEMAGRGWTWAT | Groundwater used in agriculture 100 m? 10° m? - AGRWAT
DEMPWRSURWAT | Surface water used in the power sector 10% m# 108 m? WTRSUR PWRWAT
Model

Update model €3 Configure new model

£+ Technologies [

€ Modeldata [7) Timesets ) Commodities ¢ Emissions i Technolol £ storage
«§ Constraints ~” Scenarios
Technology Description  Technolo... Unit of ca... Unit of ac... Input Activity R... Output Activity ... Input To New C... Input To Total C... Emission Activi... < Add te:

UPSWTRSUR Upstream surfac 10°m? NTRRUN WTRSUR

DEMPUBSURWAT Public surface v 10%m? om WTRSUR PUBWAT

DEMPUBGWT...  Public groundwa 10°m? 10°m? PUBWAT © Delate

DEMAGRSURW... Surface water u 10%m? 10°m? WTRSUR AGRWAT © Delete

DEMAGRGWT ..  Groundwater u 10°m? 10°m? © Delete
10°m? 10%m NTRSUR PWRWAT © Delete

Go to page: 3 Showrows: 10 + 21-260f26 « »

Updates to existing technologies:

Technology Description  Technolo... Unitof ca... Unitofac... InputActivity R... Output Activity ... Input To New C... Input To Total C... Emission Activi... 4 Add technol
MINCOA Coal mine PJ PJ COA
MINGAS Gas field PJ PJ GAS © Delete
PWRCOA Power plants GW PJ ELCO01 © Delete
PWRGAS Power plants GW PJ - @ Delete
Add input
commodity
PWRWAT
LNDMAIIRR Imigated maize ¢ 10%m? 10%m?  |LND PRC AGRWATCRPMAI WTREV © Delote
LNDRICIRR Irmigated rice cult 10%m? 10%m? |LND PRC AGRWATCRPRIC WTREV © Delete
Add input
commodity
AGRWAT
RSCHYD Hydro enargy 10°m? 10%m? WTRRUN HYD,WTRSUR & Delete

Update units |~ Addinput  Update output
commodity | commeodities: add WTRSUR
WTRRUN

10. You will now add information to the parameters “Input Activity Ratio” and “Output
Activity Ratio”.
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Gas power plant

Precipitation
Precipitation lmg'::ﬂc, t‘" - —IAR: (PWRGAS)
resource
(PWRWAT)
Surface water OAR —IAR~
Agriculture IAR (WTRSUR) (PWRCOA)

LU ngricutture surtace [l - —
water domand  Mlaiall ;;:TRG\I;T:
(DEMAGRSURWAT) Hydro energy
0AR R o ters ey QAR

Agricutture

pemacrowrwan 9] ] e T
wate

Run-off -oft
(WTRRUN) (WTRRUN)

Hydropower plant
(PWRHYD)

Public surface water|

v
(LA Surface water
(WTRSUR)

(DEMPUBSURWAT) (PUBWAT)

11. Go to “Data entry” and add “Input Activity Ratio” data (for all years), according to the
table below. Save your edits.

Technology Commodity Mode of Unit Input Activity Ratio
Operation (2020-2035)

DEMAGRSURWAT WTRSUR 1 10° m?/ 10° m? 1
DEMPWRSURWAT WTRSUR 1 10°m? / 10° m3 1

RSCHYD WTRRUN 1 10°m?/10° m? 1
LNDMAIIRR AGRWAT 1 10° m?/ 10° m? 0.30
LNDRICIRR AGRWAT 1 10°m?/10° m? 0.45
PWRCOA PWRWAT 1 10°m?*/ P 0.0007
PWRGAS PWRWAT 1 10°m3/ P 0.0002

Note:

0.0007 and 0.0002 might not appear
as they are very small numbers. Type v Ve %) Sev dets O - ‘
on the upper right command to

display more decimals

12. Go to “Data entry” and add data for “Output Activity Ratio”, according to the
information in the table below. Save your edits.

Technology Commodity Mode of Unit Output Activity
Operation Ratio
(2020-2035)

DEMAGRSURWAT AGRWAT 1 10° m®* / 10° m? 0.70

DEMAGRGWTWAT [ AGRWAT 1 107 m?® / 10° m* 0.70

DEMPWRSURWAT PWRWAT 1 10° m3/ 10° m? 0.80
RSCHYD WTRSUR 1 10°m?/10° m? 1

HYD 1 Pl /10° m*® 0.40

NOTE: The two outputs from the hydro energy resource technology represent the volume of
surface water available downstream (WTRSUR) measured in billion cubic meters (10° m3) and
the hydroelectric energy potential (HYD) available for power generation measured in
Petajoules.
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Scenario Technology

Y Commodity Y MoO Unit

2020 2021 2022

2023 2024 2026 2026

2027

2028 2029 2030

2001

2032

2033 2034

4000

Go to page:

1 Showrows: 20

v 1 Mof11 «

Note: Filters were applied to “Technology” to show technologies with “WAT” in the name or “RSCHYD".

13. Add the respective techno-economic data, according to the information in the table
below, and search for the parameters in “Data entry”. Save your edits.

Parameter Units DEMAGRSURWAT | DEMAGRGWTWAT | DEMPWRSURWAT | RSCHYD

Capital Cost MUSD / 10° m?* 137 332 395 0.0001 *
Fixed Cost MUSD / 10° m? 7 17 4 0.0001 *
Variable Cost MUSD / 10° m? 0.0001 * 0.0001 * 0.0001 * 0.0001 *
Operational Life Years 20 20 20 100
Residual Capacity 10° m? CLEWSs data Excel file , sheet “4.3. Water” 0*

* Default value.

14. For the parameter “Residual Capacity”, go to the CLEWs data Excel file and in sheet
“4.4.Water”, search for the technologies added in this exercise and retrieve the
“Residual Capacity” values, uploading them to the model. Save your edits.

dual Cay v | ) Save data 0 € 000 > -
Scenario Technology Y Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2036
SC.0 NDWAT 10%r 5.0 )C 0f 25.0( 25 00 25000 25000 25000 25000 25.000 ) 00
SC_0 DEMPUBSURWAT 10°m? ) 79 0670, 061 S 49 430 9240; 0. 12 0%
SC 0 10°m 2 5 061 0 ) 50 44 390 0 ). 220 )11 6
sC o 10°m? 10 0.9 0800 0730 0. 600 53 470 400 70 130 )70
SC 0 10%m 0 04 400 0370 300 0270 0230 00 C 70 30
SC 0 DEMPWRSURWAT 10m? 1 ). D 140 014 0 0.14 0.14 140 140 ( ) .14 14 ) 14¢
Go to page: 1 Showrows: 20 ~ 160f6 «
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Activity 4 — Running the Model

This is the first time running the model containing the energy system, the land system and
the water system, before interlinkages, in the CLEWs model.

NOTE: Refer back to the steps in Activity 2 if you have forgotten how to view results.

Something you may need to do here is tick ‘Show Column Totals’, to see the totals per year for
each graph visualised in MUIO.

In this activity, the results for the variables below should be explored:

1. Use by Technology by Mode: This shows how much of a commodity is used by a
technology. Visualise ONLY the water usage (AGRWAT & PWRWAT) of technologies for
irrigation and cooling systems of thermal power plants.

2. Production By Technology By Mode: This shows the number of outputs produced by a
technology. Visualise ONLY the water produced by irrigation, cooling systems of thermal
power plants, and for public water supply.

3. Production By Technology By Mode: Visualise ALL water production (except WTRPRC).
Compare this to the results from HO8 Activity 2.

4. Annualized Investment Costs: The annualised (yearly) costs of an investment.

a) For Hands-on 8 Activity 4, you can see how much annually it will cost to run
DEMAGRSURWAT, DEMPUBSURWAT and DEMPWRSURWAT.

b) Add Tech Desc into columns and filter for the technologies in Step a).

c) Now you can create a view with a suitable title, so you can refer back to it at any time!
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