Ambient Air Temperature ‘

Calculate Ground Temperature ‘

Geothermal
Potential
1. Energy |- |
Potentials
o Solar
i Potential

—){ Solar features are extracted ‘

2. Substation
main

]

Grid target temperatures are
calculated based on buildings

Substation model

Preprocessing

N

Only Disconnected Buildings ‘

3. Decentralized

}—){Save results in substations folder|

¥
Calculate Maximum
Heating Load

h 4

—i calc substation heating

mass flow
rate
temperature
of return

Main

heat exchanger
area

¥

A
Calculate Maximum Hot
water Load

h 4

—i calc substation heating
mass flow
rate
temperature
of return
heat exchanger
area

h 4

h 4

calc HEX mix

b i

Calculate mix
temperature of return DH

h 4
Calculate Maximum
Cooling Load

h 4

—i calc substation cooling

average temperature of

heating

domestic hotwater and space

mass flow
rate

temperature
of return
heat exchanger
area

Option 1: Boiler NG. Use hourly demand, calculate hourly

Calculate geothermal area in
buildings

Calculate annual load and maximum load. Use maximum
load and reliability margin to calculate nominal capacity

‘ Compares 13 technological combinations

for disconnected buildings

Y

boiler efficiency and corresponding costs involved. If BG
flag is OM the calculations will only have BG prices

.hIOption 2: Boiler EG: Use hourly demand, calculate hourfy

¥

‘ This is only done for heating loads ‘

Calculate total costs, CO2, primary energy for all options

GHP Area constraints

v

Calculate total costs, CO2, primary energy for all options
as separate lists. Sort all lists and then do an aggregate
ranking. The best tradeoff solution is picked for each
building

Save results in disconnected folder

—m satisfied by GHF, if not, use NG Boiler. Costs involve the

'| boiler efficiency and correspending costs involved

Option 3 Fuel Cell: Calculate FC efficiency, load of FC

— and corresponding electricity generated. Calculate the net

price in this case by subtracting electricity sold to grid

calc COP Baoiler
icalc_Cinv_boiler

calc_eta_FC
calc_Cinv_FC

Option 4 to 13: Changing GHP % from 100 to 10.
Calculate GHP efficiency, see if the hourly load can be

electricity cost for GHP. For Boiler, efficiency is calculated
and corresponding costs are followed

o|calc_ COP_GHP|
"l GHP_InvCost




Preprocessing

Get total pipe length from network layout file
present in Network folder. These are being
shipped now with reference case

Get cooling defails corresponding to
servers from building demand files

h 4

Get space coolingheating, hot water

loads, mass flow rates, supply/return
temperatures of substation

Y

calculate thermal losses of
distribution

calc_min_flow |

5. calc_pareto_electricity

Get total electricity demand for all buildings and calculate the costs,
}—b C0O2 emissions and Primary energy. All buildings are connected to

grid. Same buying/selling prices are considered on all days

Get total process heat and calculate the corresponding costs, CO2

5. calc_pareto_Qhp

margin of design.

Y

calc_return_temp
calc_supply_temp

save files to network results folder

calculate supply/return temperature
with losses

I

emissions and primary energy. A NG boiler is used to meet this
requirement. Nominal capacity is designed based on peak load pius

calc_Cinv_boiler

|

| calc_temp_withlosses ‘

calc_piping_thermal_losses |




evolutionary_algo_main

"deap’ toolbox operators are
initiated

evolutionary_algo_main H

}—b{ generation =0

}—>| 1. toolbox.population }47

h A

2. evaluation.checkMiw ‘

v

3. toolbox.evaluate ‘

v

saving results to
get_optimization_checkpoint_initial

Yes

cuts : Allocation of shares is done based on
countSolar, individual, gv.nHeat, gv.nHR

finalized individual

toolbox. individual

tools.initRepeat

gv.initialind

il

countSolar
=07

tools.inititerate

—){ creator.Individual H creator.Fitness }—b

Fitness weights are assigned. 1 for
maximization and -1 for minimization

—b{ toolbox. generate H generate_main }—b

Creates an individual configuration
for the evolutionary algorithm

Is Randomly assign indices of the list

corresponding to system activation and

update countDHM based on the loops

h 4

cuts - Allocation of shares is done based on

individual list size is determined by gv.nHeat, gv.nSolar,
gv.nHR, nBuildings. Two variables for gv.nHeat and
gv.n3Solar corresponding to activation and share

individual list is initiated with '0°

Is
gv.nHeat
'0"?

countDHN = 0

hd

‘ 2. evaluation.checkNtw }—b{

sFn.individual_to_barcode
isolate the building network

l_,

| 3. toolbox.evaluate H objective_function H evaluation.evaluation_main }—)

R randomly connect the buildings countDHEN_ individual - countDHN =1
'i:,nn;;;_'{gtrjk ic;%r[:tesap:;ﬁs_rtoot;:.lzlteoir;ectg:éltdelg glj;ir::eg ?.Fé‘o{z["ge-[gﬁ :;-”fs:.? L Rerun substation_main with _the_ t_otal demand, building names, gv, > Rerun network_main with the t_otal demand, building names, gy,
and sFn.createTotalNtwCsv Al mdAal
check_invalid : reject the individuals which are out of bounds of the is Yes Based on the building network,
problem.This will also generate a new individual to replace rejected individual sFn.individual_to_barcode » select the csv file to import
individual valid? details from
F Y
h 4
invalid if: share is too low (minimum share is 1%/, negative solar : calculate Qheatmax of the network using sFn.calcQmax. Use
share, wrong plant share (when total is = 100%), wrong solar share generale:man this to calculate Qnom by adding margin
h 4
2 e ; calc_master_to_slave_variables: reads the list encoding and | cCheck. GHPCheck is to modify the individual with extra GHP
storage_optimization slave_main prepares master to slave variables i constraint. This step seems to be not working

addcosts

coolingMain

i

h A T

Hardcoded 'SlaveData’ class is imported and the variables
are changed in it. It has wide ranging parameters
correspending to file names, energy systems etc. Chaging or
variables is also hardcoded

v

Get roof area from 'Total demand.csv'. Use it for assigning
the soalr share




Evolutionary_algo_main

| master_to_slave_variables |—>|

storage_optimization |<—>|

Storage_Design |—>| import_network_data }—){ 'mpms—gsg—cgﬂf;lg; o he

|used only for solar thermal energy |

A 4

Oral Recommendation
from Antonio (former
Leibundgut Group).
Limit the maximum
thermal power to 2000
hour operation average
of a year

A J

-

Calculate heat generated by server. compressed air,
PWT, SC. This is used for storage. Along with this, the

eleciricity consumed by the auxiliary equipment is [
also calculated. Done for each hour(Meed more clarity

in this)

.| storage when produced = demand,

StorageGateway: only calculate

This is redundant as the following
function also includes this

pE—

Loop to verify if the storage temperature is too low is
also present

H If no more charging is possible, energy is rejected |

h 4

Y

Store the results after performing the same process

Storage_Operator: Charge the storage only when

produced = demand.

V_storage_possible_needed, Q_initial, T_initial }—){

for every hour in a year ‘ |Storage_Loss: Calculate storage loss. It is hardcoded

equations

]

Storage_Charger: Calculate temperature,
Q_to_storage, Q_in_storage

Aloop is present to make sure that not more than Q@ |, |Storage_Loss: Calculate storage loss. Itis hardcoded |

storage can be made available for heating

equations

Storags_Design save files of storage flag, plot, storage sizing

A

parameters. [t uses 10EG in plots, is it comrect?

Loop for 6 rounds, if the deviation between initial storage
content and final storage content is not less than 19%. If
after 6 rounds, it does not go below 1%, use conventional

heat pump to satisfy demand

Storage_DeCharger: Discharge of storage, if the

required supply temperature is higher than storage,

use heat pump to increase temperature

Qin
storage
=07

Neither storage charging nor discharging




master_fo_slave_vars

Evolutionary_algo_main

If Q_therm_req is not
satisfied, current_source 1s
updated in the order

‘ least_cost_main }—){ import_CentralizedPlant_data }—){

import temperatures from
network summary

H

Active modules are called to

H

source_acfivator: for every
hour

import sewage data H H

current_source: HP. order of this is HP,

provided. At any point
CHP. BoilerBase, BoilerPeak when the O_therm_reqis

!

importing and preparing
distribution data for analysis of
the centralized plant choice

calculate operating costs
A

furnace_op_cost
HPLake_op_cost

HPSew_op_cost
GHF_op_cost

GHP_Op_max

CC_op_cost

save the results as PPAclivationPattern.csy

i

If there is any Q_uncovered, use Backup Boiler to satisfy the load, |
and add the corresponding costs i

satisfied, the calculations
still go ON, instead of

HP l

HP_Sew_on: Based on the maximum HPSew size allowed, Q
satisfied by HPSew and mass flow to HPSew are calculated

HPSew_op_cost: Operation cost of the sewage water HP
supplying DHN is calculated

CHP

By definition, one can either activate the CHP (NG-CC) or ORC

breaking the loop

BN

GHP_on and in GHP_season: calculate COP and heating energy
provided from GHF using GHP_Op_max. Based on max Q from
GHP, the mass flow and Q satisfied are calculated

GHP_op_cost Operation cost of the GHP is calculated based on
COP and electricity price

HP_Lake_on: Based on the maximum HPLake_maxSize allowed,

(Furnace). But not both at the same time (not activated by -
MASTER)

!

Q satisfied by Lake and corresponding massflow are calculated

!

CC_on and CC_allowed: calculate linear interpolation functions for
electricity requirement, primary energy used, operation cost ,
electrical efiiciency using CC_op_cost. Reference is Weber (2008)
thesis

calc_primary_energy_and_CO2: This estimates
the emissions and primary energy consumption

save the results to DetailedEmissionData.csv

A

i

calculate efficiencies, COP and the CO2
emissions involved with all the equipment using
values specified in Global Variables. The CO2
emissions corresponding to electricity gnerated
are subtracted

h A

calculate the primary energy corresponding to all

equipment with default values specified in Global
Variables. Primary energy is saved when

electricity is generated from furnace, solar, CHP

h A

—

Calculate solar area available and corresponding
peak power generated using default values in
global variables

h 4

calc_Crem_pv: Use this function to
calculate Kostendeckende Einspeise -

save the resuits to DetailedEPrimData_csv

~

A

h 4

Only when Q_therm_req is above the minimum CC operation load,
proceed further. Based on maximum CC load, Q satisfied with CC
is calculated. The correspondings costs for operating CC is
calculated after accounting for electricity generated in CC

¥
Boiler_on: Based on minimum size of boiler size allowed, decide if
base boiler need to be activated. Based on maximum size, Q

HPLake_op_cost: Operation cost of HP is calculated

Furnace_on and Furn_Moist_type: Based on the maximum
Furnace size allowed, Q satisfied by Furnace is calculated. The
corresponding operating costs of Furnace are calculated after
accounting for electricity generated using Furnace.
furnace_op_cost is used for this calculations. E_wood_furnace

Boiler Base

decide if base boilerneedto be activated. Based on maximum size,
0 satisfied by boiler and corresponding costs involved are

satisfied by boiler and corresponding costs involved are calculated
Boiler Peak I
BoilerPeak_on: Based on minimumsize of boiler size allowed, cond_boiler_op_cost: Two options for boiler gas are bio gas and

natural gas. Two options for electricity are provided, green and
non-green. Based on this, the operating costs of Boiler are

Verguetung (KEV) for solar PV and PVT. Itis
hardcoded values and an interpolation is being
done.

if usage of Lake and Sewage is not
allowed. the corresponding investment

h 4

calculate CC maintenance cost

fill up storage if end of season energy
is lower than beginning of season
using NG and calculate costs involved

calculated calculated
T T A
h 4

Sum up all the operation costs. Till

cost is removed, Nothing about the @
corresponding to this

h

sawve the primary energy details in

save slave to master variables in
SlaveToMasterCOstEmissionsPrimeE csv |

calculate average costs involved and |,
store them in AveragedCostData.csv [

» this point no investment cost is
added

l

save the details in

h 4

PrimaryEnergyBySource.csv

Return to slave_main

SlaveCostData.csv

cond_boiler_operation: efficiency of the boiler is calculated by
interpolating hard coded values. The interpolation for T_return is
linear and phiis cubic




evaluation

Evolutionary algo main

- 7 Import disconnected buildings details and add i ; calc_Cinv_furnace: Calculates annualized investment cost of Furnace based on
> gﬂ%C;;tii.S%:nmsDUtr?;:d_dg#gr:al_cnO:;Z.s » the corresponding costs, CO2 emissions, > Add (lar:te?stmsegti‘:;sstsﬁtt:rc]:gezi:grghng te > Bioenergy 2020 (AFQ) and POLYCITY Osffildern. Costs include investment,
P n o Primary energy gy = y maintenance and labour costs. Few hardcoded values
h 4
calc_Cinv_boiler: Calculate the annual cost of peak boiler (based on A+W cost of oil calc_Cinv_boiler: Calculate the annual cost of base boiler (based on A+W cost of oil - ) N -
boilers) and Faz. 2012 data. It has maintenance cost, labour costs and investment boilers) and Faz. 2012 data. It has maintenance cost, labour costs and investment [« calc_(}m\r_CBC;é;fja:;uﬁ?:;;qggggzls.;gégi\;esgrmnean; ﬁ:?éi;%;?iai?:;bmed Gide
costs. Has multiple hardcoded values, different equafions based on loads costs. Has multiple hardcoded values, different equations based on loads b ! :
¥ calc_Cinv_GHPF: calculates annualized investment cosis for the geothermal heat
calc_Cinv_HP: Calculate the annualized investment costs for the heat pump & calc_Cinv_HP: Calculate the annualized investment costs for the heat pump & eﬁ;p;gm%st::;h?:};ﬁt:k_i ;Dggé;gpéz?;;: gigegiwei:aiﬁﬁgﬂnlﬁfrg:ﬁ%?aﬁigts
corresponding to the Lake. Hardcoded values are present in the calculations comesponding to the Sewage. Hardcoded values are present in the calculations include Heat pump and Boreholes corresponding to GHP. Hardcoded values
present for both the equipment
h 4
- . ; . : : ; ; : : calc_Cinv_pv: Calculates capital cost of PV modules, assuming 20 year lifetime.
calc_Cinv_PVT: Calculate investment cost based on peak load, FVT_n is presentin | calc_Cinv_SC: Calculates investment cost of Solar Collector, assuming 35 years | : : g
global variables and used for calculations. Hardcoded values present lifetime. Hardcoded values for equation | Snenonpeablogn, eaneskment Cgf;;qnf““’“s Shange:Hardcoded valles e
h 4
calc_Cinv_boiler: Calculate the annual cost of backup boiler (based on A+\W cost of Data servers heat recovery: Uses calc_Cinv_HEX for calculating cost of heat \Waste Compressor heat recovery: Uses calc_Cinv_HEX for calculafing cost of heat
oil boilers) and Faz. 2012 data. It has maintenance cost, labour costs and » exchanger (based on A+W cost of oil boilers), different equations based on load. » exchanger (based on A+W cost of oil boilers), different equations based on load.
investment costs. Hardcoded values, different equations based on loads Uses calc_Cinv_HP to calculate cost of HP Uses calc_Cinv_HP to calculate cost of HP
h 4
pipeCosts_DHN: network costs corresponding to distribution configuration " calc_Cinv_storage: calculate annualized investment cost of a thermal storage tank | Add costs corresponding to Heat pump solar to storage of PVT and SC in
Currently the costs are a fixed number i based on tank volume. Hard coded values i StorageHPCost
¥ calc_Ctot_pump: Computes the total pump operating cost based on deltaP and
cale_Cinv_HEX: Calculate heat exchanger costs, one for each building, based on o cale_Cinv_HEX: calculate costs corresponding to heat exchangers for Solar hardcoded values. pump investment cost is based on DeltaP_DHN and the
heating load and how water load # Collector, PV Thermal | maximum flow through pipes using calc_Cinv_pump. It has hardcoded values and
interpolated costs for the load
save the results in InvestmentCostDetailed.cav - calc_Cinv_gas: calculate investment cost of natural gas connections based on
return to evaluation_main [ : = equation from Energie360 - Zurich




Evolutionary algo main

coolingMain: Computes the parameters for .| Import cooling loads of space cooling, data

the cooling of the complete DCN center cooling, ice hockey rings

Y

coolOperation

calculate

Exhaust cooling from Lake

calc_CT. for the operation of water condenser + direct cooling tower

based on B Stephane (2012} (Evidence based model calibration for

efficient building energy services). Checking cooling tower max size

and calculate electric power needed for the variable speed drive fan.
Hardcoded values are present in calc_CT

Refrigeration cooling costs are

v
Adjust and add the pumps for

A

calculated using coolOperation and
Pump_Cost

calc_VCC: calculate chiller electric power requirement for
operation of vapor compression chiller between DCN and a

o |condenser with fresh water to a ceoling tower following D.J. Swider
"1(2003) (A comparison of empirically based steady state models for

vapor compression liguid chillers. Applied Thermal Engineering)
Hardcoded values present

filtering and pre-treatment of the
water. Hard coded values

h i

extraElec values are added based

Y

> : » before considering other
available from Lake options
Data centers cooling is calculated Pump_Cost: calculate pump costs
using coolOperation and B based on flow and present <
Pump_Cost DeltaP_DCMN

h
calculate costs

on the 'calibration’. Hard coded
values

h i

return to evaluation_main

corresponding to VCC




Save resulis of final generation as

json files

g=g+1

Evolutionary algo main

cxliniform: Performs a uniform
crossover between the two
parents

mutUniformCap: Change the continuous variables

with a uniform distribution

evaluation checkMtw

Yes

Yes

No

muiFlip: for all integer parameters of individual
except the connection integers, flip the value with
probability

{

mutShufile: Swap the energy systems in the
same individual. Swap nHeat and nSolar energy
systems

!

mutGU: Flip the presence of the generation units
with a probability

¢_1

fitness calculations using evaluation_main

'

selectPareto; use deap.tools.selNSGAZ

muiGaussCap: Change the continuous variables
with a gaussian distribution of mean of the old
value and so that there is 95% chance (-2 to 2
sigma) to stay within a band

Y

epsindicator; This calculates the epsilon indicator
between two Pareto fronts. It is done by
calculating the difference between objectives

save results as json files




