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What is a Microgrid?

A microgridis a

« group of interconnected
loads and distributed
energy resources

* acts as asingle
Point of Comman

controllable entity with ot B T 1
respect to the grid S E"ﬁ 6%%

adjustable loads

e I —
- can connect/disconnect " B\
from the grid =— a— A ]
in both grid L= 8l &
e operatesin both grid- ek = L
ConneCted or ISland B Eregy Mansger I Powwer Fiow Controller T=) Diffarential Ciarant Circult Breaker I Traditional nierconnection
mode - Communications Protection Data Hmﬂ:mru“ Absorption Chiller E’;mm
(Microgrid Exchange Group, EMTM Gy e M o g ot Tl Recerocoing B e,
October 2010)
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Our Contribution to Microgrids &

Technology

Standards
research

Analyses,
Applications,

Ec_onomlc & Econic and Products
environmental

technology
selection

environmental

Decision
dispatch

Support

DER-CAM Optimization Tool:
Assessment of cost and environmental Controller
value streams in
grid-connected and islanded mode

Embedded
in other
Tools
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BERKELEY LAB

Lawrence Berkeley National Laboratory

Global Model Concept for Microgrids

MICROGRID ARCHITECTURE AND DECISION-MAKING INSIDE DER-CAM

M. Stadler, C. Marnay, D. Baldassari.
March 13, 2014.
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6



DECISION SUPPORT TOOL FOR
DECENTRALIZED ENERGY SYSTEMS

ANALYTICS PLANNING | OPERATIONS

Distributed Energy Resources Customer Adoption Model
(DER-CAM)

IS a deterministic and stochastic Mixed Integer Linear Program (MILP),
written in the General Algebraic Modeling System (GAMS®)

started as a building CHP optimization tool 13 years ago
supported by the U.S. DOE, OE, DoD, CEC, private industry

two main objective functions:

» cost minimization

« CO, minimization
other objectives are possible, as well as multi-objective
subject to microgrid/building constraints and energy balance

produces optimal investment and dispatch results for
biogas/diesel/natural gas CHP, fuel cells, ICE, micro-turbines, gas-
turbines; PV, solar thermal, hot and cold water storage, batteries, heat
pumps, absorption chiller, EV, passive measures (insulation, window
changes, etc..) 7



DE R CAM DECISION SUPPORT TOOL FOR

DECENTRALIZED ENERGY SYSTEMS
ANALYTICS PLANNING | OPERATIONS
What is DER-CAM?

optimizes heating, cooling, electricity, and fuel loads (as natural gas)
can consider real microgrid conditions as islanding and critical loads

17 specific versions exist (http://building-
microgrid.lbl.gov/sites/all/files/projects/DER-CAM-Feature-List.pdf)

commercialization (web clients) and predictive controller work under way
550 DER-CAM web clients to date (English and Chinese version)

nnnnnnnn
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Inputs: Outputs:

Building end-use
load data

Electricity & gas £% 5 Optimal DER
tariff data ! capacities
DER-CAM
DER technology @ Optimal DER
data operations schedule

Objectives:

Site weather
data

Minimize total
cost

Minimize CO,

emissions

e Investment & Planning: determines optimal equipment combination and
operation based on historic load data, weather, and tariffs

e Operations: determines optimal week-ahead scheduling for installed
equipment and forecasted loads, weather and tariffs 9
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Representative MILP DER-CAM

Energy balance Si m pl |f|ed* Operational constraints
+energy purchase generators, chillers, etc. must operate within

+energy generated onsite DER'CAM performance limits
= onsite demand + energy sales d I -heat recovered is limited by generated waste heat
moade -solar radiation / footprint constraint

~ /

Objective function, e.g. min. annual energy
bill for a test year:

+energy purchase costs Financial constraints
+amortized DER technology capital costs <4— | -max. allowed payback
+annual O&M costs period, e.g. 12 years
+ CO, costs

/ - energy sales \

(Re.gplatory constraints A Storage and DR constraints
-minimum efficiency requirement -electricity stored is limited by battery size
-emission limits -heat storage is limited by reservoir size
-CO, tax _ _ - -max. efficiency potential for heating and
-CA min. eff. requirement for subsidy and feed-in tariff electricity

\-ZNEB J

*does not show all constraints

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler 10
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Our Partners and DER- CAM Licensees
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Features and Applications

* remote access

* microgrid capabilities and resilience at Fort Hunter Liggett
« optimization of cooling equipment at UNM

« battery scheduling at Santa Rita Jail

* passive measures

 critical loads

« stepwise approximation of non-linear efficiency curves
« tracking of thermal storage temperature

« wind in DER-CAM

« electrochromic windows

« multi-year optimization (decision support)

« EV modelling

 CA CHP study

« microgrid controller at Fort Hunter Liggett



Feature
Remote Access to DER-CAM

13
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Access to DER-CAM via SaaS

DECISION SUPPORT TOOL FOR
DECENTRALIZED ENERGY SYSTEMS

OPERATIONS

i
1
-

Client Sites APIs Berkeley Lab
data acquisition
1. histor
D e ti\r/ne Soi data . Optimization Results
. edi R pre-processing
3. billing info 1 t
4. weather —
5. central plant efficiency > . Dvi!:k'iign as:jt;niﬁ?
6. maint. schedule —’IL dispatch planning
7. etc. t t
T YVvYy
- direct user
optimizationresults [t  access Ebopt Interface
1. equipment selection " ‘ f
2. operation schedule ISO data
Download
weather data e > Forecaster | | Solver
other data I-—P

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler
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Simplified DER-CAM Web-Service for Investment/Planning DER-CAM

4

<« C' | [ hitpsy//microgrids2.Ibl.gov/

Distributed Energy Resaurces (DER) Web Optimization Service (WebDpt) {C’.‘ Refresh [M scale () Disconnect J
WebOpt File  WebOpt Help =

WebOpt

[E Close database and switch back to original conditions

= " =
Ovarview/Optimization Settings | | Load Prafiles <\\\/’ Utility Tariffs "“T‘ Technolagies {\J' Demand Response [ 1 ¥ Solar Radiation

Marginal CO2 Macrogrid D_Iilil Results E ‘WebOpt Guide

Run optimization

G‘ This Tab shows the results of the optimization.

&% Please scroll down to view the pictures. 42 WebOpt Manual

useful if the user wants to assess scenarios with higher costs than the base case/do-nothing, e.g. CO2 ks
minimization runs,

| Frontier point 0 [do-nothing] | F point 1 | F point 2 | F point 3 | F point 4 | F point 5 | F point 6| Multi objective frontier

m

Hz ] ®  Show advanced input options:
[¥] Zoom results

Muiti-objective frontier If checked, Figure 9 will be displayed. The initial investment costs for all DER will be annualized using the

691.88 specified fnterest rate and this annualized investment cost added to the energy bill The maximum allowed annual
energy cost is the maximum amount the user is willing to pay, and the maximum pay-back period for the initial

fnvestment is the mazimum length of time required to recover the cost of an investment.
‘Advanced Input Dptions

F pumtﬁ: Interest rate for investments. |6 x Max available space for PV system at site: 3000 L3 ‘*‘
Total Annual Energy Costs, including annualized investment costs (kS): 659

64188

3 Annusl CO2 Emissions (Grand Total) (tC02): 976 . |
% 59188 Inctalled Capacity, discrete technologies as CHP/DG (kW): 250 Max, allowed annual encray costs (inlcuding annulized copial costsk 71 mills (- B
@ Tnstalled Battery Capacity (KWh): 626
. & Tnstalled Capacity Photovoltaic (kW), peak power under test conditions: 459 K i T e S
Discard all changes 2 54188 Size of Photovoltaic (m#2): 3000
made to the g Installed Capacity Ground Source Heat Pump (kWelec_demand, kWheat, kWcooling, U.5. RT): 171, 855, 855, 243
database config. =
gl Figure 9. Advanced Input options under Overview/Optimization settings
‘ii <
. The Maximum available space for PV system at site specifies an upper boundary for PV and solar thermal system
44188 W installation. The available space on the rooftop may be a good estimate of this figure.
L]
— ; 39188 Optimization objective:
’m i 946 72 1046.72 1146.72 1246 72 1346.72 1446 72 1546.72 1646 1 |The user can specify a cost minimization or COZ minimizing objective as well as a |1
Eﬂ:lm;mnx Annual CO2 emissions (metric ton) constraint, e.g, a combination of cost and COZ minimization.

In case of cost minimization, it is possible that the optimization will result in few or no installed DER, meaning that it is
cheaper to not invest and enly purchase from the utility.

'\,1 Search Manil for: multiobjective Search Next

bl |

| Multi select and copy is disabled since a database is loaded and used for the optimization.

i
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< C' | [} https://microgrids2.Ibl.gov/

Distributed Energy Resources
WebOptFile  WebOpt Help

(DER) Web Optimization Service (WebOpt)

{c Refresh ,I scale (D Disconne il

|3 Close database an

d suvitch back to original conditions

af

CI| [E]
Please select the month: se select the day type:
Run optimization
\;| —
500 Original Electricity L oad
— #= (inclusive electric chiller
freefrr ‘;ﬁ e coali
400 soeos T Electricity Demand Heat Pumps
[GenueLry Las) |7 Flow Battery Charging
s =~ Reqular Battery Charging
300 = ] Flow Battery Discharging
2 “! Regular Battery Discharging
: //// W/// .2-; Refrigeration: Electric Load
= L Offset from Absorption Chillers m
Building Cooling: Electric
///%//%/ /W////”/ : ’/ 1111111 Load Offset from Absorption
Chillers
i = Electricity fram PV
777 Utility Electricity Purchase =
oI ¥ Electricity from DG (no PV) ..’. i
1 2 3 4 b 8 0 m 12 13 14 15 16 7 18 19 20 21 22 2 24
hours
Discard all changes
made to the
database config.
Heat (=Space Heating, Domestic Hot Water, and Heat for Absorption Chillers)
Heat for Building Absorption
> A Cooling
,}l |I;|| | I‘ e x:l:luqr Refrigeration Absorption
[ — Original Total Heat Load
o ~ Heat Supplied to Storage L
. a0 [N Heat Taken from Storage
= = : ‘7/// = Heat from Solar Thermal
H | : S Heat from Heat Pumps
= 60— by R //////// %% Natural Gas for Heat
. Heat from CHP
N . \ /// //// // // // // /
20— :
0 - T n—r—-|—1—r—'r—1—vr T T i T T 5 =
1 2 3 4 5 8 10 13 14 15 16 '\7 18 9 20 21 22 pc) 24
hours A
(4
[ v

Iulti select and cof

«
py is disabled since a

database iz loaded and used for the optimizatian,
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ER-CAM

NALYTICS

PLANNING

Distributed Energy Resaurces (DER) Web Optimizstion Service (ifebOpt) %
WebOptFile  WebOpt Heln
Overview/Dplimization Settings ; Load Profiles | ., /' Utility Tariffs . Technologies Demand Response Solar Radiation u Marginal CO2 Macrogrid Results ‘Web0Opt Guide
Run optimization
GO : -
0 This Tab shows the the averaged historic dat:
Please scroll down to view the pictures.
[Med Lodging San Francisco ~] [(Open Datab m | 2 & |
—— [ e Please select a state and oty 55 well 3 vintage — 1
Joad (kW]kmonth\dagt our hour fiom the database on the left [click. on the folder our  hour  hour
AT el 1 2 icon). The database iz based on ASHRAE climate { 22 23
» il 720 71.2] zones [see picture below). IF you do nat find & state 77| 1030 919
and city in the database, select one from the same
electicity-ony week | BB7 | E7.9 climate zone (e.9. use MD and Baltimore for NYT). 5.3 100.3| 863
electricity-only March week | EBS B50 Mats that laad profiles in this databass are 37| 987| 871
slschicity-ory Api wesk | £24] 627 R sG] IEEIRE
electricity-only May week | B1E 10| In other words, all DER-CAM electricity loads g5.9| 840| B30
- together [electicity oy, cooling, and refrigeration]
electicity-only June week | 598 593 are nomalized to 1 Giwh, Also, all DER-CAM B5.3| 831| B77
natural gas loads (heating, domestic hot water, and
slectricity-only Juy week| 592| 588 natural gas only loads] are nomalzed to 1 GWh pas| 826) 670 |
electicity-only August week | 5687 B8.2 o B45| 822 EEE
To model pour building, just check pour annual
electricity-only September week | 537 6581 electricity and natural gas bil and enter the annual B45| B24| EBEB
electricity and natural gas demand in the boxes
T, slectriity-cnly Detaber week| EUE| 801 below o scale the database load profiles to eflect 55| 858|711
L electiciy-only Movember week | B52 B4d your buiding. 38| 985| 867
alectricity-only December week | 712 703 [1 Giwh - gigawatt hour = 1 000 000 kiw'h and 75 1027| 915
TkMWwh = 341214 BTU, 1 Therm [US] =
electricity-only Januany peak | 720 71.2 RRrAR US SR 100,000 BTU = 2.3 kiw'h) 7.7 1030 919
electicity-only February peak | E27  E7.9 5.3 100.3| &84
electricity-only March peak | B59) E50 e e i oA 1 Gwh pa7| 9av7| a7t
electicity-only April peak | B34 B27 [0 886 742
lechicity-on) M. k| B1E E1D —_— H55) B840 63O
’./jhl r Lot U el s L Anrusl natural gas demand: 1 Gwh
electicity-only June peak | 598| 533 B53| 831| B7.7
N - electicionly July EES bes| 226| 670
Please select the load profile type: |elects only
Load Data ) Cancel
120
electricity-only electricity-only
— January 4 July 4
e — week week
100 — — electricity-only electricity-only
PREC ey e —— February —— August
— week week
electricity-only electricity-only
80 e = 5 —— March ~— September
L week week -
n
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Transferability: Online DER-CAM User Guide

F = webopt x

€ C' | [ https://microgrids2.lbl.gov/

‘Distributed Energy Resources (DER) Web Optimization Service (ebOpt)
WebOptFile  WiehOpt Help

®) i, .
Overview/Optimization Settings I Load Profiles | <./ Utility T ariffs _‘T\'-‘ Technologies {\/’ Demand Response {} Solar Radiation E Marginal CO2 Macrogrid H;Em Results W WebOpt Guide

Run optimization

£
@
o
o]
-
=
=
=
@
-
=
@
@
£
)
=4
o
b=l
=
E:
™
z
=]
>
<
@
=
0
=]
=]
=]
=4
o
m
el
o
>
=

Analytics / Planning / Operation
: m‘ Optimal Planning and
' . Operations '
—electricity electricity .
} heating = —— heating .
Utilit H i DECISION SUPPOR Y ¥
w S IDER-CAME | ees () evwssowna
Fesares  »|ANALYTICS | PLANNING | OPERATIONS f¢— e :
= | Loca electricity Econemic .
! ftnoors heating Envrcamenal
: cooling :
i Conventional New Emerging Renewable Based .
. os o e S '
' ity ol vehicle to grid salar thermal
B oSl : Distributed Energy Resources ]
Iscard all changes v MICROGRID:

Work Flow

| 3. i & @3 [
oy @| B2 BE B = @ e i

Technology

Investment / Input / Specify
Planning Define Input / baomelersss Define Solar .
Parameters . | Electiic or F Define 2 e . | Additional .| Radiation : ual'i)t;c::'ﬂ = P
[Payback > Heating > | Electric and -( - B | Demand > or use ! > A ‘ > | Analytics
Period. Interest Loads / use Matural Gas [Eleﬁ::: i Response Solar Emissions
Rate. or Load Praofile Rates o P Measures Radiation
Technologies to Database B Slmagge Database
be considered) . CHE) Manual Help
¥WebOpt®) Tutorial at hitp:/fbuilding-microgrid.Ibl.gov/sitesfallffiles{projectsfWebOpt_Take2 mp4
*) Web0Opt is a simplified free VEISIDH of DER-CAM and full DEH CAM capabiliti ludi bilities, b] critical loads, c) mi id design idering natural di . d) bio-fuels, e] sales to the

utility, f) standby charges. g) a
Please check hitp://building- mlcmglld IbLgav/ or contact MSladIer@IbI gov.

http://building-microgrid.lbl.gov/projects/how-access-der-cam

. i] pawer lluw can be licensed from Berkeley Lab.
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Professional
Societies
1%

Industry (Utilities,
Banks,
Manufacturers)
11%

State Agencies,
Military, Research
Labs
11%

Web DER-CAM users (WebOpt) by Business Type

WebOpt Statistics

Web DER-CAM Users (WebOpt) by Region
(35 Different Countries Total)

South America
1%

Australia

1%

Canada
2%
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Application

Microgrid Capabilities and Resiliency at
Fort Hunter Liggett

20
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Overview

- Training facility for combat support and combat service support units of the Army Reserve

- Largest installation in the Army Reserve (> 165,000 acres)

- Existing DER: 2MW PV + 1MWh battery

- Future: Large (>1MW) PV and battery system to be installed by TriTechnic
together with Siemens and the U.S. Army

Objective

Enable Microgrid capabilities and install DER-CAM supervisory controller

DER-CAM Contribution

- Use DER-CAM to gauge optimal capacity of DER
- Consider additional PV and storage ! A
_ BaCkup generat|0n source: http://www.liggett.army.mil/
- Short vs. long duration blackouts
- Optimal DER capacity 21
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Objective: Use DER-CAM to perform a quick assessment on optimal DER at FHL to enable microgrid
capabilities. Focus on resilience against natural disasters.

* Blackout cases: none, 3 h, 24 h, 7 days

* Standard DER-CAM assessment (no blackouts):
Existing DER
Existing DER + additional PV and storage
Existing DER + additional DER (full DER-CAM technology range)

* DER-CAM assessment considering blackouts:
Existing DER
Existing DER + additional PV and storage
Existing DER + Diesel backup generators
Existing DER + additional PV, batteries and diesel backup generators
Existing DER + additional DER (full DER-CAM technology range)

Load prioritizations: 10% Critical loads; 20% Low Priority; 70% Medium priority

22
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Fort Hunter Liggett — Customer Damage Function (CDF)

Customer Damage Function is used to estimate outage costs as a function of the outage duration.

Value of Electrical Energy Security (VEES) ~ Outage Duration * S/kW peak * Peak Demand

$/kW peak MCAS Miramar Customer Damage Function
350

A

300
=—4—SCENARIO A
[non-emergency
250 situation)
200
== S5SCENARIO B
N / / $/kw peak Fort Belvoir 300 Compound Area - Customer Damage Function
800

100
700 =—SCENARIO A
50 (non emergency
600 situation)
U T T T T T T T

1 . 5 10 13 16 19 ’ 500 /I —8—SCENARIO B
(emergency
400 situation)
Source: //
Valuing Energy Security: Customer Damage Function Methodology | 3%

and Case Studies at DoD Installations, NREL 200 /;//
o0 /

Y

1 4 7 10 13 16 139 22

hours
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Standard DER-CAM assessment - no blackouts

Key Results™)
Additional PV + All possible DER in

BAU/Actual Storage DER-CAM
Annual Total Costs, million USD 3.035 2.948 2.701
Annual CO, emissions, ton 4967 4161 4454
Photovoltaic, kW 2000 3032 2069
Electric Storage, kWh 1000 4141 1251
ICE, kW - - 2000
CHP: ICE + HX, kW - - 500
Absorption Chiller, kW - - 2828
Solar Thermal, kW - - 784

* Allowing additional PV and storage shows that the optimal investment capacity is higher, which is in
accordance with the existing expansion plans of FHL

* Allowing other DER shows potential to reduce energy costs by up to 11% and CO, reductions by 10%

*) Sales are not part of this analysis 24
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Standard DER-CAM assessment - no blackouts

2500

2000

1500

1000

500 -

PV generation enables frequent voluntary islanding (no energy purchase during the day)

Dispatch - October Week Day

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

o Utility Purchase s PV s Storage = DG mmmm Cooling Offset e e»Original Load

All DER
technologies
allowed
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Fort Hunter Liggett — DER-CAM assessment — with 3h blackout

Key Results*)
Existing PV and Storage Existing PV, Storage + Additional PV and Additional PV, Storage

(st mmilien ULy Diesel Backup Storage and Diesel Backup Al 2R
TOTAL COSTS 3.050 3.043 2.948 2.948 2.701
Electricity Costs 2.218 2.218 1.703 1.692 1.147
Fuel Costs 0.320 0.320 0.320 0.320 0.475
Annualized Capital Costs 0.491 0.493 0.915 0.926 0.974
O&M Costs 0.001 0.001 0.001 0.001 0.035
CDF Costs 0.015 0.005 - - -
Annual CO,, ton 4966 4967 4177 4161 4455
Installed capacity
Photovoltaic, kW 2000 2000 3079 3032 2068
Electric Storage, kWh 1000 1000 3845 4141 1251
Diesel Backup, kW - 200 - - -
ICE, kW - - - - 2000
ICE HX, kW - - - - 500
Absorption Chiller, kW - - - - 2828
Solar Thermal, kW - - - - 783

* 3h blackout has little to no effect on results
* Existing capacity can be dispatched to meet all electric loads during short duration blackouts
(some backup generators already exist at FHL)
*) Sales are not part of this analysis 26
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Fort Hunter Liggett — DER-CAM assessment - 24h blackout

Key Results*)

Existing PV and Existing PV, Storage + Additional PV and Additional PV, Storage
(Costs in million USD) Storage Diesel Backup Storage and Diesel Backup All DER
TOTAL COSTS 3.068 3.655 2.976 2.702
Electricity Costs 2.216 2.216 0.785 1.661 1.145
Fuel Costs 0.320 0.326 0.320 0.324 0.477
Annualized Capital Costs 0.491 0.510 2.475 0.971 0.976
O&M Costs 0.001 0.001 0.001 0.001 0.036
CDF Costs 2.330 0.009 0.059 0.010 0.000
Annual CO,, ton 4955 4973 2132 4119 4444
Installed Capacity
Photovoltaic, kW 2000 2000 4936 3106 2077
Electric Storage, kWh 1000 1000 20709 4374 1250
Diesel Backup, kW - 1400 - 1000 -
ICE, kW - - - - 2000
ICE HX, kW - - - - 500
Absorption Chiller, kW - - - - 2807
Solar Thermal, kW - - - - 801

* Results show that additional PV and storage, in addition to backup generation, will allow FHL to survive 24h
outages without any major service disruption at low costs — diesel consumption roughly 1250 gallons for 24h

* When considering all DER options, the optimal investment solution allows enough flexibility to maintain
operation during 24h outages and lowest costs

*) Sales are not part of this analysis
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24h blackouts, only PV and storage

Dispatch - 24h Blackout August (PV & Storage Only)
3500

3000

2500

2000

1500

1000 -

500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

I Storage I Curtailment - Critical M Curtailment - Mid === Curtailment - Low
PV mmmm Diesel Backup ea» e»Original Load

With the current PV and storage capacity alone, FHL would have severe curtailments in the

28
event of a 24h outage, and would not be able to supply all loads
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24h blackouts with PV, storage, and diesel backup generators

Dispatch - 24h Blackout August
3500

Only PV,
Batteries,
3000 and Backup
Generators
allowed
2500
2000
1500
1000 -
some load
500 - .
curtailment
0 4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

o Curtailment  mow PV s Diesel Backup  mmmm Storage e e»Original Load

Planned expansion of PV and Storage, together with diesel backup generators will allow
increased resilience at FHL
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DER-CAM assessment — 7 day blackout

e Extremely high costs in prolonged outages with current resources (with
existing equipment 24 millionUSD, all DER allowed only 3 millionUSD)

« Additional backup capacity increases significantly (up to 8 MW)
* Considering the capacity of DER to be implemented at FHL, the ability to
maintain operation during prolonged blackout periods relies only on the size of

fuel storage (fuel storage sizing) — consumption during blackouts approx. 3300
gallon LNG (12 500 liter)
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Application

Cooling at the University of New Mexico
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objectives:

* generate optimized scheduling of cooling equipment with
Operations DER-CAM
— solar thermal collection
— hot water storage
— chilled water storage
— absorption chiller

 deliver results daily via automated
interface to UNM building control
system (delta controller)




THE UNIVERSITY of

UNM Test Equipment/Configuration ~ NEW MEXICO

Solar
—> Heat flow l thermal

— Cold flow HW

!

District | \ Chw ‘ \ Abs. ‘ \ ‘ E\District
‘ chw [: Tank Chiller AW Tank 1921 hw

Cooling Heating

equipment capacities:

- solar thermal: 170 kW peak rating

— absorption chiller: 70 kW

— chilled water storage: 3800 kWh

- hot water storage: 300 kWh (9000 gallons)

(all values thermal) 33
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UNM: Cooling Results
) Hot/Sunny Week Beginning Monday

CEEEEEE \ |

[ 4'8/ » cold storage recharged
. | | = during cheap off-peak

=)
=

« abs. chiller runs off-peak to
avoid chiller pumping costs

&
|
|
*
|
\
\
‘T
\
<
=)}
ape.ols
>y
(@]
C
»

 abs. chiller constrained to 2

’ / cycles per day

L\
=
00S

[\
<
~

[y
(=)

Energy - Electricity Equivalent [kWh]
= =
=]

I
1 713191 713191 713191 7 13191 7 13191 7 13191 7 1319 I
Hour of the Day |

I

I

| 2 '

mmmm Cooling from Absorption Chiller Cooling from Electric Chiller [ :
mssm Cooling from Storage Cooling Load | saves up to 29% in energy I
ooooo Cooling SOC costs I
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UNM Saa$S Structure

data acquisition
storage

1. history
2. real time data
DG units 3. billing info
4. weather
5. central plant efficiency
6. equipment maint.

schedule

building
controller

DER-CAM

ftp week-ahead operations schedule
Copyright 2011, The Regents of the
University of California. No use is permitted
without written permission. Please contact
Michael Stadler, Mstadler@Ilbl.gov if you
wish to use or reproduce this diagram for any weather download Ioad
purpose.
Created 2011 Nov 07 forecast tool forecaster

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler 35



Application
Battery Scheduling at the Santa Rita Jalil
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DR and Battery at Santa Rita Jail (SRJ)

objectives:

 deliver optimized week-ahead scheduling of onsite electric
storage with Operations DER-CAM

» determine potential reduction in utility feeder peak demand
through strategic battery dispatch

= 3 MW peak load facility
= CERTS microgrid
functionality

DER On-site:

= photovoltaic: 1.2 MW peak

= fuel cell: 1 MW molten carbonate

= electric storage: 2 MW 2MWh Li-
ion

37
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Problems with Generation [EZ=X

Cost of Fuel Cell Outages (2009) Fuel Cell Performance History
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VAR Vamh
- o o0 ) i
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economic impacts, by setting monthly .
power demand Charges Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010
1200
—How can this be avoided? o 80 =
DR with 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Electric Storage 38
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T y day Thursday Friday Saturday Sunday Monday

H H o200 87(*’9 cpssaos __ arorao0s H . Solution 1: SRJ: Optimal

. utility bill Schedules*
minimization

2500

2000

e
o

=
wn
o
o

Solution 2:

feeder peak
minimization

| a A +$3.8k demand charge
——— ity Purchasd fom P 3.5% reduction

Power kW
Battery SOC

e
'S

e
N

m Electricity frorf§Battery ——Electricityto Battery = Prrer famdeaesees
----PG&E Demand —— Battery SOC Electricity Balance for Santa Rita Jail
Tuesday Wednesday Thursday Friday Saturday Sunday Monday
3000 8/25/2009 8/26/2009 8/27/2009 8/28/2009 8/29/2009 8/30/2009 8/31/2009 1
DER-CAM minimizes
0.8
on-peak purchases
H 2000
due to high demand .
-
B
charge Sis00 1
¢ 0.4
1000
0.2
*Jail-Only Results /i 4
|
(note scale) o MREETLE : 0
e PV Qutput mmm FC Qutput mmm Electricity Purchased from PG&E
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Battery state of charge

S RJ . Dav 2 Dav 3 Dav 4 Dav 5 Dav 6 Dav 7 Avg. H1:H3 — Average
. 1.00 - Doy 1 o o o o o ay of optimal battery
. schedules H1 to H3,
Optl m al A obtained from fuel cell
0.80 1 ‘ availability scenarios 1
Schedules to3.
. 0.60 -
W|th ‘ HS — Optimal battery
0.40 - \- schedule obtained by
V\_/ A the stochastic model,
UnCertalnty / \\ ﬂ/'_‘ where all scenarios are
0.20 - S - considered
simultaneously.
0.00 -
Avg H1:H3 HS
Observed fuel cell scenario 1 2 3
Battery schedule Avg. H1:H3 HS Avg. H1:H3 HS Avg. H1:H3 HS
Total energy costs S 70296 S 69126 S 59017 S 57560 S 64213 S 60431
TOU charges S 26807 S 26837 S 21245 S 21351 S 23232 S 21821
Demand charges S 42705 S 41567 S 29596 S 28160 S 35661 S 30968

« optimal battery schedules can be obtained assuming availability scenarios
separately (deterministic approach) or simultaneously (stochastic approach)

» the stochastic approach results in a more conservative schedule as well as lower
energy costs when unexpected events occur 10



End

Thank you!

Questions and comments are very welcome.
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Feature

Passive Measures
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Trade off between Costs and CO,

Investment DER-CAM:
multi-objective frontier (minimize the combination of
costs and CO, emissions for building)

in{ (1 ) Cost CO,Em
min — W) * + w *
RefCost RefCO,Em
Cost total building energy costs including amortized capital costs
CO,Em total building CO, emissions
w weight factor (0..1)
RefCO,Em parameter to make equation unit less

RefCost parameter to make equation unit less.
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Passive Measures have Costs but Change the
Loads Directly

minC = ZMlem+z Uy m.dh Cumdh+2maxuup Dup+2num - IFix, - ANN,
m,d,h u,p g

z (pur(c’s) . IFIX(C’S) + Cap(C,S) Ivar(c’s)) . ANN(C,S)
(c,s)
en;
z gen; ym,dh ) GENCi,u,m,d,h + y dr. b DRC. mdh

+ 7

i,u,m,dh i u,m,d,h
— Z selliyman * Smafd ) (invpy - Ay * (MAT,  + INST; ) - ANNy, )
j,u,m,d,h p

:u € {cl,sh}

LOAD, 1 4 = LOAD 1 a z(invb’k (Up — Up) - Ap - Fxy) ATy g,

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler
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Passive Measures and DER at Campus Building
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--®-without passive investments
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do min. ©=0.5 min. do min, 0% min. U values do min. T min.

T nothing | costs | co, nothing | costs | co, (W/m*K)| nothing | costs Tl co,

- |annual energy costs kS/a| 139] 101 101 161 139 71 92|  162|-[wall 1.10| 021] 024] 024

cost savings % 27 27(- 16 49 34[. 17| [window | 230| 230]| 230| 230
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i f — i f —t—t—+—— ‘ t f
20 40 60 80 100 120 140 160

-+-with passive investments

45



Feature

Critical Loads
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Stochastic Formulation of DER-CAM

Two-stage stochastic problem
 first stage — investment decisions; yes or no? How much capacity?
» second stage — operation decisions; charge or discharge? unit
commitment?

Objective function (generic structure), deterministic equivalent problem

minC = Z Fix,, + Z Inv; - InvCost; + Z Pow 7 7 7 OpCost, men
m [ w m h

Fix., fixed costs in month m

Inv, investment decision on technology |, continuous
versus discrete technologies

InvCost; annualized investment cost of technology i

Py probability of scenario w

OpCosty, mtn microgrid operation costs in scenario, month m,

day type t, hour h 47
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Critical Loads

« whenever load prioritization is necessary, we may define
critical loads / load priorities in DER-CAM

« critical load / load prioritization may occur both during outages
and demand response interventions

Load Prioritization

* load priorities may be 1600
set to three different levels 1200
for both outages and Ei
demand response events: 400
low, mid, high Y —

1234567 8 9101112131415161718192021222324
B High Priority Medium Priority B Low Priority

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler 48
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Outages

 utility grid outage events can trigger shortages, which can be set to different
load priorities, although loads can also be met by local generation

» this approach has been implemented in the stochastic version of DER-
CAM, allowing multiple grid outage scenarios to be considered
simultaneously, which has a direct influence on DER Investment decisions

Disabled Utility Shortage event

. Purchase (scenario,
(Scenarlo) (scenario) priority)

Outage event

Local generation
(scenario)

- e o e e e e e e e e e e o
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Small Office —
with Allowance of Disruption for low and mid

SLOFF, January week, PV + Storage, Possible Shortage

Load (kW)

T
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1 I I 1 | I
- 0 O =& O =« O «— W « - O = O A O — O -
N N MO N < < N O O™ O0W 0 O O O O d d N NN N < < W
Lo T e B I o B o I e B e R I I |
B Utility Purchase PV Output I Battery Output  ==-Electric Load

—— Battery Charging = = High Priority Load Mid Priority Load

Grid Availability
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Small Office —
NO Allowance of Disruption for low and mid

Load (kW)
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Feature

Stepwise Approximation of Non-Linear
Efficiency Curves
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Non-Linear Efficiency Curves —
New Modelling of CHP/DG

constant efficiencies problematic since

a) installed capacity b) part load performance
affects maximal efficiency affects actual efficiency

Electrical efficiencies for natural gas powered CHPs Typical efficiencies for natural gas powered CHPs
based on installed capacities P, based on load levels U
40%
50% | ‘ 3804’:)
0% = = ¢
/” | | 36%
5 ™ = ——;_._L—*—I | %34/ ,//
g 0% e =
5 0% o = /
B B = 32% -
£ 30%
=
w

28%

26%

Source: ASUE, 2011
24%

20% 30% 40% 50% 60% 70% 80% 90% 100% 110%

Percent Load (%)

Source: EEA, 2008
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Stepwise Linear Optimization, SOS

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler
Electrical 4

U
Efficiency Load level —= — — : ﬁ
T Un 7 ,/ Py
L e i ~UY;
/ il | | | L
|

e e . o . Installed

> capacity P,

= ft(Pinstr Ut) =

n

: : i=1j

> consecutive variables n
=1

.
Il
=

=> not more than two adjacent # 0
= binary variables avoided, x is a weight factor
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Implementation in DER-CAM

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler
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Hospital building in San Francisco

changes of SOS version compared to fixed efficiency, CO, minimization

changes compared to the fixed efficiency version

total costs [%]

total CO, Emissions [%]

CHP installation [%] 0
PV installation [%] -100
solar thermal installation [%] 205
heat storage installation [%] Hinf!

elec. generated [%] 1
Elec. purchase [%] 6
NG not used in CHP [%] -59
NG used in CHP[%)] 6

better
modelling of
CHP efficiency
curves impacts
mostly PV,
solar thermal,
and heat
storage in this
example
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Changes in Operatlonal Levels

limited heat storage and
solar thermal in winter

CHP Microtrubine

250

8

8

/’\\

A

o

1 2 3 4 6 7 8 11 12 13 14 15 16 17 18 20 21 2

w
o

24

A

% change compared to fixed efficiency
&

hour
-100 J—I—I—/
A

-150

=—#—january

== august

due to heat storage and solar
thermal in summer




Feature

Temperature Tracking in Heat Storage
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Temperature Tracking in Heat Storage

In previous DER-CAM versions:

thermal energy storage (TES) could only be charged by high
temperature (HT) heat sources, i.e. low temperature (LT) heat
sources, such as heat pumps, could not be used with the TES

self-discharging losses were only calculated based on the energy
stored in the storage, no difference between the ambient
temperature and the water temperature in the tank was considered
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Temperature Tracking in Heat Storage

current approach:

« the use of low temperature heat sources is enabled, e.g. heat
pumps

 TES is modeled as a storage with two sections (high and low
temperature)

 DER-CAM decides both on the total storage size and on the high
and low temperature sections

« self-discharging losses are estimated based on the energy stored in
the TES and on the difference between the ambient temperature
and the water temperature in the TES
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Schematic of New Model

| __________ a
: Hg{T cons :
Y ' '
fromHTs| || HTload :
HT sources H t : ¢ Cooling |
¢ Natural gas | | o Refrigeration |
¢ Combined heat y |:_> : TS in
andpower  —» [-]HTer > HT for storage (/" ") 4 N HHTS out
o Solar thermal | '
* Heat recovered : HT heat for LT Lﬁw Y
|

HTS discharge loss

from NG chiller

L ]

LT sources :_ _I?IITT_CO?lS_ o
o Alr source heat “‘] I t : HiTS in
pump — Ht prov :‘ LT for storage (H/”" 1"* )4 > HtLTS out
¢ Ground source A \_:} Tion :
— : o Space heating
Hf rom LTS| 11 s Water heating :
A !_ __________ I

L LTS

0SS;

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler
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Loss Comparison

ANALYTICS
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DER- CAM

ANALYTICS PLANNING |

CA Example Results for CO, Minimization

change in optimal technology investment compared to previous DER-CAM

Change in technology San Francisco San Diego
investment excl. HP [%] LCOLL LHLTH LHOT LCOLL LHLTH LHOT
DG without HX - - - -100 inf -
CHP (DG with HX) -7 0 0 24 -15 0
Electric Storage -65 -14 -3 -24 -18 -3
TES (LT section) -100 -100 -14 158 -5 -28
TES (HT section) -100 -100 -100 -100 -100 -100
TES (LT + HT section) -100 -100 -14 158 -5 -28
Abs. Chiller 15 -100 56 21 -20 -5
PV -7 Inf -2 0 0 -2
Solar Thermal -100 -75 21 - - 14
Annual CO, Emissions 7 4 -1 -1 3 0
Annual Energy Costs -6 0 -1 6 -8 3

Note:

‘- means no investment in any model, ‘inf” means no investment in old model,

‘-100’ means no investment in new model.

objective function changes marginally, but adopted technologies can change a lot
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Wind Power
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« DER-CAM now supports wind power in the Deterministic
Investment & Planning version

 user is required to input wind speeds, power curve and
cost coefficients

* the current time structure used in this DER-CAM version
(36 typical days of hourly loads) requires pre-processing
of wind data (vs. 365 daily loads)

 the spreadsheet pre-processing provides potential wind
generation values, which are fed into DER-CAM

« DER-CAM finds the optimal number of wind turbines to be
iInstalled at study site.
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Time Con3|stency

« DER-CAM considers 3 (or 7) representative days per month, each
described by 24h time steps

* non-linear power curves and cut-in / cut-out speeds lead to high impact
of time discretization

Power curve, 50kW rate wind turbine
70

S
& 20 /
10 /
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Time Consistency

Wind Power
Time m/s kW
00:10 2.14 0.00

example

In this case, with data
sampled from on-site

00:20 253  0.00 measurements, the average
00:30 3.06 0.13 wind speed is below the
00:40 3.59  1.18 , and yet the
00:50 3.99 1.97 energy output is not zero
01:00 4.17 3.04

AVG

3.25 1.05
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« data format required by DER-CAM requires wind output to be
processed after wind-power calculations

enerqgy output: raw wind data — processing of wind / power calculations

month 1

1 5.84
2 9.86
3

4 14.27
5 12.30
6 11.73
7 13.19
8 8.75
9 6.97
10 9.04
11 7.35
12 7.26

2
6.30
10.24

12.49
12.73
10.83
11.47
7.54
6.30
6.87
8.04
6.54

3
7.23
10.93

9.87
10.80
9.51
11.73
6.60
6.58
7.33
6.73
5.73

4
8.20
7.43

10.21
8.21
9.09

13.47
6.69
5.03
5.97
7.07
7.69

5
10.22
6.37
14.31
8.93
7.14
9.09
13.05
5.63
4.17
5¥23
5.88
6.82

6
7.88
5.17

12.09
9.55
7.38
9.14

1177
4.32
4.09
5.21
4.30
7.26

7
5.29
6.02

12.16
8.87
7.12
8.97

11.20
4.35
4.03
3.76
4.30
5.96

8
5.72
6.70

13.64
7.05
5.96
7.51
9.49
3.69
3.02
2.89
2.99
6.53

9
7.00
4.96

7.29
4.69
7.72
7.74
3.03
2.18
2.00
3.20
6.29

10 11 12
6.65 7.43 9.03
5.46 7.01 7.97

14.28 13.77 14.46
7.62 7.11 6.55
3.50 3.02 2.50
7.33 5.04 4.21
6.20 4.72 2.89
2.10 1.98 1.66
13 0% 048
2.01 1.95 2.05
2.63 1.97 1.98
6.16 5.21 5.33

13
9.24
7.91

13.77
5.99
2.07
3.43
2.19
1.54
1.02
2.29
1.03
5.46

14
8.28
9.00

13.07
5.38
2.50
2.97
1.62
141
131
1.97

4.69

15 16 17 18 19
7.87 6.65 4.62 4.52 3.76
8.23 7.82 7.32 6.88 6.51

11.83 11.59 10.25 9.51 10.14
7.82 6.82 4.80 5.88 7.32
3.05 2.81 2.92 4.27 4.67
1.92 1.29 1.30 1.48 2.23
133 1.23 2515 3.01
1.06
1.63 1.85 1.96 3.36 4.13
1.85 1.95 1.83 1.23 173

135 2.32 2.82
5.11 6.51 6.91 7.96 7.65

20
4.47
5.81

10.27
8.38
5.21
2.33
3.82
134
4.73
2.30
3.45
7.95

energy output: processing of raw wind data — wind / power calculations

month 1
1 16
9.4
3

4 11.8
5 10.1
6 8.8
7 11.6
8 6.1
9 35
10 5.6
11 1.8
12 4.2

2
16
7.2

9.4
10.8
7.8
9.4
5.5
22
29

3
2.2
53

4
2.2

5
3.0

9.8
4.9
35
53
10.6
19

6
15

6.7
5.4
27
5.2
89
.3

7

8

8.4
18
17

9

10

11

12
15

7.8

13
18

Y22

14
17
12
7.4

15

21
4.72
528

13.27
9.41
5.70
2.86
4.55
182
4.68
2.64
3.47
8.96

8.0

22
4.92
6.52

14.50
13.05
6.91
4.13
5.51
2.31
4.15
2.35
3.47
9.37

22

2.8
9.6
8.5
2.2
16
2.3

23
5.23
8.35

9.00
6.61
7.62
4.02
4.95
3.32
4.38
8.94

23
11
3.9

24
7.65
10.17

12.45
13.10
11.68
6.77
7.76
6.01
7.21
9.13

24
18
7.7

126
11.0

4.8
4.6

4.9
15
1.3
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Test Results for Large College Building

5000
4500
4000
3500
3000

E 2500

2000 -

1500 -

1000 -

500 -

Electricity dispatch - January week day

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (h)

s Wind s Utility = Total Electric Load
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wind power first results

wind turbines are not cost-effective without
subsidies or incentives

wind power can provide a significant part of the
total load

unpredictability of wind speed requires coupling
with energy storage

the current representation of time in DER-CAM
introduces significant limitations in wind power
modeling

possible need to increase time resolution and/or
add higher number of representative days
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Feature

Improved Modeling of Thermodynamics in
Buildings: Electrochromic Windows
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« Electrochromic (EC) windows are a type of shading

system. EC provide different levels of shading with a small

electricity consumption required for the switching process
(0.5Wh/m2, 5V), which can be used to control building cooling loads.

 trade-off: increased levels of shading reduce cooling
loads, but increase lighting loads.

— optimization problem
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Shading
 DER-CAM will support variable shading (EC
windows, shutters) in the Operations version

* user is required to input load changes (electrical and
cooling) for different shading levels

* requires pre-processing of environmental conditions
for shading levels (lookup table) and building loads
(E+)

- DER-CAM finds optimal shading levels for each time
step (down to 5 min)
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Shading

Optimized schedule for execution

Electric tariff
= d”C ari ~+ Userinterface
ata
S
Technologies,
parameter
- g @
1] 0
‘E & Instructions
- Building loads | = DER-CAM = ——k table
& = .
- ) o 5 {(Html string)
= S /
:
Weather data
(forecast) (B
Instructions
— P&~ Shading cases —f—»
Physical :
parameter \ In-/Output
- New components L -

Main program
)

Sub program
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applications
« evaluate technical potential

 run optimization for possible buildings in China
(China Energy Group at LBNL)

status
* most of programming completed
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Feature
Multi-Year Optimization
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challenges:

microgrids are often modular

Investment decisions over the years are influenced by
trends both in energy demand and technology costs

technology degradation over time must be considered

find optimal investment and re-investment years over
the multi-year period
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 load variability

» fuel cost changes

« technology degradation
« changing tariffs

« changing taxes

« changing weather data
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application: office building in San Francisco

Fuel Costs
0,14
0,12 r—————
— --.___
0,1 Matural Gas
= ocos8 Electricity
o CLric 0
= [Annual Energy Outlook, EiA 2013]
5 . Matural Gas Oid
ooa — wersion
—_— Electricity Old wersion
0,02
L ® By o S B R S B S S N B B B S B S R m m
=08 8B 52 64 & &2 8 =2 32 =
ES === S - - -
PV Capital Cost forecast
5000 5000
4500 "‘-:.,\ 4500
4000 4000 -
3500 \‘*-..__ 3500
o
s 3000 £ 3000 -
= 2500 =
2500 - mS/ kW
2 2000 Total installed cost § . P .
= 1500 £ 2000 - m fixed costs (eng. + permits)
1000 ?500 ]
00 1000 -
0 4+ 300 1
A o o AR A g g2 AP aP Ak aP 0
B AR AR AR AR AR AR R AR AR R 2014 2034
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Installed Technologies 2014 2015 2016 2017 2018 2013 2020 2021 2022 2023 2024 2023 2026 2027 202§ 2023 2030 2031 2032 2033
0% PV Degradation

PV 0% degradation
Discrete Technologies
> CHP

still running, ..

Batteries

0.5% PV Degradation

Installed Capacity, PV 0.5% degradation (497.13kwW) 0,50% degradation (467, 3k
Discrete Technologies (S00kW)

> CHP (250kWW)
Batteries Mo Adaptation

0.75% PV Degradation

Installed Capacity, PV 0.75% degradation (498.45k\)  0.75% degradation (454, 81kW)
Discrete Technologies (300kW)

= CHP (250kW)
Batteries Mo Adaptation

1% PV Degradation

Installed Capacity, PV 1% degradation
Discrete Technologies
= CHP

Still running...

Batteries
0Old Run-set

Installed Technologies 2014 2015 201e 2017 2013 2019 2020 2021 2022 2023 2024 2025 2026 2027 2023 2029 2030 2031 2032 2033
M Mo 2, Mo Ad,
Discrete Technologies 250k SO0k W
= CHP 250kW B00kW
Batteries 145k h Mo 2d,
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Feature

EV Modelling
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EVs in DER-CAM

Increasing penetration of electric vehicles (EVs) creates DER potential

Y

Impact on optimal DER investment decisions
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EVs in DER-CAM

car driving to the microgrid

I cardriving back home I

optimization determines the energy flow direction, microgrid could
perform load management
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EV Fleet Aggregator

Key assumptions:

microgrid costs: charging infrastructure ($1000/car), energy use and
battery degradation

EV owner purchases car anyway and has no disadvantage due to
microgrid

all benefits and inefficiencies are allocated to the microgrid

all cars charge at least enough electricity at home for a daily roundtrip
(not included in microgrid costs)

driving electricity can be used by the microgrid but must be returned

when cars change state, the SOC is equal to the average SOC of the fleet
in the original state, plus electricity needed for driving
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EV Fleet Aggregator
B . TR | N

I total EV fleet dimension

2 _ |

| a LT oo

' r fleet share in state /, time ¢

| EI : 5 : I:I el share |n slate ¢, ime

: H | ! e ) | electricity stored in state /, time ¢

| | Y =l

, vb ;i : : : <— electricity transf. between states

f R i :j I o . sz
e : Tu Th g'lr “rl |1 : ...... <— electricity YO in state J, time ¢
I' W | [ : Tu Th : Wi electricity spent driving in state i, time {
. 1 |
I H
: : | v t : "~ electricity input for driving in state i, time ¢
: | I

I bl

' =] | : Possible states, i = {H, Tu, Th, U}

; LS : L | I H-Home

T _j&ﬁ_—__ ___l_ —T___ Tu - In Traffic to uGrid

; _ Th - In Traffic to Home
Time ¢ Time t +1 N U - uGrid
Parameters Key decision variables Other variables
a) fleet distribution c) EV fleet size e) electricity stored at home and uGrid
b) fleet transitions d) electric input / output f)  driving consumption
at home and uGrid g) electricity stored in traffic

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler 85



Case Study - Source of Uncertainty

EV fleet distribution obtained from a 2009 US survey on departure times for daily
commute round trips !

daily departure distribution

0.3
0.25 :’A‘, /‘=‘
L\

0.2 i
0.15 1 i
0.1 ! ‘\ \

- / ' \ \
0.05 ./ RN

/ ' < N o .
0 '—uﬁ"“'l“‘ﬂ"F""l"l"l" N R N N B ‘Ts' :!lz?%lwg;‘;_l
i1 3 5 7 9 11 13 15 17 19 21 23
=== EVFH2T === EVFT2U:--- EVFU2T EVFT2H

1 Source: B. Mckenzie and M. Rapino, “Commuting in the United States : 2009, American Community Survey Reports, ACS-15.,” Washington, DC, 2011
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Case Study - Source of Uncertainty

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

driving scenarios obtained by maximizing time at the uGrid (S1), at home (S3) and
using the average (S2)

driving schedule - scenario 1 driving schedule - scenario 3

15 17 19 21 23 1234567 89101112131415161718192021222324
mHome = Traffic U = Traffic H uGrid #Home = Traffic U = Traffic H uGrid

i 3 &5 7 9 11 13

87



Case Study

« Medium office building in San Francisco
« 380 kW electric peak

Possible technologies

internal combustion engines, micro-turbines, gas turbines, fuel cells,
heat exchangers, PV, solar thermal, absorption chillers, stationary
electric storage, and electric vehicles

Cost optimization runs

 no DER investments

« invest without EVs

* invest with EVs

« deterministic and stochastic

* max. payback period for DER investments: 5 and 12 years

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler 88
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Case Study Key Results

Electricity stored in the entire EV Fleet - August - Tuesday - EVS2P5

3000
5500 / //\\“\ » charge batteries at home
and use the electricity at
— the microgrid throughout
> the day
Zis00 (home charging rate:
|| 6¢/kWh, microgrid: >>
1000 10C/kWh)
500 ‘  charging occurs in early
: morning hours at home
0 ‘ l ‘ ‘
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
mm Electricity stored at Home mmm Electricity in EVs going to the uGrid === Electricity in EVs going Home
CJElectricity in EVs at the uGrid =~ === Electricity Input at Home ——Charging at the uGrid

----Discharging at uGrid

© Berkeley Laboratory, no duplication or use without the knowledge of Berkeley Lab, USA, Michael Stadler 89
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Case Study — Key Results

Case Optimality Total Energy Total CO, Optimal Capacity (kW/kWh)

Refs. gap (%) Costs ($) (kg CO,) PV ST ICE ES EV (cars)
—————————————————————— A-IL I IS IS IS IS S S .
J |
| BAU 0 281286 1,017,475 ] ] ] ] ] ,
,"""""""""""""""'1

| EVSTPS 0 269293  1053,325 . 50.9 ] a 3,578
7/ NOEVP12 0091 269,530 737856 1899 - &0 - T T T TN
| |
| EVSIP12 0029 264,135 769,530 191.1 ] 60 ; 2804 |
I  EVS2P12  0.057 265257 758,197 192.3 ] 60 ] 2,005 |
|
: EVS3P12  0.062 266,229 754,716 188.4 ] 60 ; 1463
« EVSTP12  1.0870 266,270 823,138 2011 837 ] ] 2423 )

1) Max optimality gap set to 1%
2) Constrained by maximum parking area
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EV Findings

the introduction of EVs leads to financial savings with both 5 and 12 year
payback periods (CO, results depend on marginal grid emissions)

microgrid total energy costs tend to be similar once EVs are allowed in the
runs

solving the stochastic problem leads to the installation of solar thermal
panels and higher PV, replacing ICEs (note optimality gap)

best strategy: EVs are charged at home and used later at the microgrid in
order to reduce microgrid energy costs

impact of uncertainty in driving pattern is limited (Why?)

next step: consider other sources of uncertainty
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Application
CA CHP study
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37% of Commercial Electric Demand

| SDGE SMUD FZ6 LADWP

Forecasting zones (FZ) misc 1% PGE FZ2 5% FZ11-12
9%

OTHER

FZ14-15

3%

] (1]

17% 14%

California (statewide) ={a
CEUS study (limited statewide) SeETes
excluded sites U oL
studied sites, site > 100kW (50kW for rest.)

I@ﬁ
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Installed CHP Capacity in 2020

3,000.0

2,500.0

installed CHP capacity (MW)

2,000.0 -

1,500.0 -

1,000.0 |

500.0 -

LLLLL

1,024

1B

TOTAL PG&E SDGE

| OPERATIONS

600.0

500.0

400.0

300.0

installed CHP capacity (MW)

562

200.0 -

100.0 -

FCZ01 FCZ03 FCZ04 FCZ05 FCZ07 FCZ08 FCZ09 FCZ10 FCZ13

PG&E PG&E PG&E PG&E SCE SCE SCE SCE  SDG&E
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Installed CHP Capacity in 2030

installed CHP capacity (MW) installed CHP capacity (MW)

3,000.0 600.0

562

2,500.0 500.0

1,961
2,000.0 400.0

1,500.0 - 300.0
1,000.0 - 200.0 -
500.0 - I I 100.0 -

TOTAL PG&E SDGE FCZ01 FCZ03 FCZ04 FCZO5 FCZ07 FCZO8 FCZ09 FCZ10 FCZ13




Application
Microgrid Controller at Fort Hunter Liggett (FHL)
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Overview FHL

 large 2 MW PV and battery system 1 MWh |
* In the future 8 MW of PV and full microgrid
* no supervisory controller available
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Current DER-CAM Model at FHL

DER-CAM utility

planning export limit
module 15 module
cycle

SCADA data
exchange
module

instructions

system status

internet
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Forecasting Load and PV Generation

For real-time optimization, load and PV generation need to be
forecasted for FHL. Both factors are driven by

. and shows relatively stable
daily patterns. Influence of outside temperature appears to be
relatively minor.

. , Which depends on the position of
the sun and various seasonal patterns. Patterns can be very
volatile due to clouds.

 |oad data is available in 15-minutes intervals as net load,
weather data is available in hourly intervals, PV data varies
between 15 minutes and hourly

99



Forecasting Load ol

1800

* |oad shows consistent patterns for
each day of the week (holidays are
similar to Sundays)

1600

e to forecast next Tuesday, the past
three Tuesdays are considered andg
a Fast Fourier Transformation )
(FFT) is used to extract the most
important frequencies

1400

1200
|

1000

e the resulting curve contains the
main pattern without noise

I I I I
50 100 150 200 250

o

Time
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Forecasting Load ol

average error over a day is around 10%

1200 1400 1600

1000

T T T T T
0 20 40 60 80

Time

© change in base occupancy is only slowly incorporated by FFT

© forecasted values are multiplied with a parameter d that starts out at 1 and
decreases / increases whenever deviations between forecasted and actual
values exceed a certain threshold
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Forecasti ng PV BERKELEY LAB

Weather forecast data is available hourly and difficult to interpolate (qualitative
data like “cloudy”).

solar radiation depends on position of sun and seasonal factors

in the short term, these seasonal factors are fixed and sun altitude becomes
dominant influence of clear-sky PV generation

PViand Sun Altitude  cloudy also cloudy day
800 60 A
700 40 g
o
600 &
2 20 2
< 500 =
£ c
S 400 N
= 5
— I
3 300 J 20 g
o o
O 200 )
g -40 ©
100 I
<
0 -60 g v
1{33/2013 4:00 1/21/2013 16:00 \‘{22/2013 4:00 1/22/2013 16:00 \‘{23/2013 4:00 1/23/2013 16:00 50 . )
night
e P\/ Generation  e==Syn Altitude
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Forecasting PV ol

* clear-sky PV generation is forecasted using a simple linear
model that relates sun altitude to power generated of the past
30 clear-sky hours

e for fog, haze, and clouds clear-sky PV generation is modified by
a specific factor to get expected generation

» deviation (i.e. (forecast-real)/real) is less than 5% in 80% of the
cases and less than 10% in 90% of the cases

e forecast errors mainly due to inaccuracies in qualitative data
(“03 PM overcast” does not necessarily imply that it is overcast
for the entire hour)
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Forecasting PV /\'

—— Forecast
— Real

600
I

PV Generation
400
|

200
I

I I I I
) 10 15 20

Time in hours
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SCADA interface /\"

early development stages achieved successful feeding of Operations DER-CAM
dispatches in the FHL SCADA system

v

check for SCADA not it

flag file present wal

L 4
prepare outputs

. . for current

open interface file .
timestep

prepare inputs & write outputs to

forecast interface file

: !

run DER-CAM create I_ENIS flag
file
I
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CADA Interface
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DER-CAM OQOutput: Example

Optimization Day 1 Optimization Day 2
3000 - - - - 1
2500
E‘ 2000
=
Rl
= 1500
[«})
%
o 1000
500 \‘ f
0
12 AM 6 AM 12 PM 6 PM 12 AM 6 AM 12 PM 6 PM 12 AM
Hour of the Day
Electricity from PV mmmm Electricity from Utility mmm Electricity from Battery
Total Original Electricity Load —— Utility Purchases ~ ceeeeee Battery SOC
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